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ven though the survival and profitability constraints are
obviously of the greatest im




 chapter 7 that rational profit-
m
axim




possible in the face of the uncertainties associated w
ith
individual innovation projects. T
his is not to deny that neo-
C
lassical short-run theory is a valuable, precise, abstract
m
odel of firm
 behaviour, but it m
eans that this m
odel has
lim
ited relevance, and that other w
ays of interpreting and
understanding innovative behaviour are needed. O
ne pos-
sible approach to such a theory (and it is no m
ore than a




ith technical change. Such an approach
does not look to an equilibrium
 w
hich is never attained, but
does take into account the historical context of any industry
in a particular country. T
his chapter classifies som
e possible
strategies, and discusses them
 in relation to R
 and D
, and
other iniovative activities of the firm
.
A
ny classification of strategies by 'types' is necessarily
som
ew
hat arbitrary and does violence to the infinite variety
of circum
stances in the real w
orld. T
he use of such ideal
'types' m
ay nevertheless be useful for purposes of concep-
tualization, just as the use of the concepts of 'extrovert' and
'introvert' is useful in psychology. In practice there is an
infinite gradation betw
een types, and m
any individuals




s) do not alw
ays behave 'true to type'. Finally,
people and firm
 strategies are alw
ays changing, so that
generalizations w
hich w
ere true of a previous decade w
ill not








 of technological and
m








ents are largely inde-





even if it ceased to exist. T
o survive and develop it m
usi take
into account these lim
itations and historical circum
stances.
T
o this extent its innovative activity is not free or arbitrary,
but historically circum
scribed. Its survival and grow
th depend
upon its capacity to adapt to this rapidly changing external
environm
ent and to change it. W
hereas traditional econom
ic
theory largely ignores the com
plication of w
orld science and
technology and looks to the m
arket as the environm
ent,
changing technology is a critically im









 has a range of options and
alternative strategies. It can use its resources and scientific
and technical skills in a variety of different com
binations. It
can give greater or lesser w
eight to short-term
 or long-term
considerations. It can form
 alliances of various kinds. It can
license innovations m
ade elsew
here. It can attem
pt m
arket and
technological forecasting. It can attem
pt to develop a variety
of new
 products and processes on its ow
n. It can m
odify
w
orld science and technology to a sm
all extent, but it cannot
predict accurately the outcom
e of its ow
n innovative efforts
or those of its com
petitors, so that the hazards and risks w
hich
it faces if it attem
pts any m




et not to innovate is to die. Som
e firm




hich fails to introduce new
 products or processes
1.M




















anufacturers to be less than one year. M
ansfield's study (1971)
of the adoption process of nunierically-controlled m
achine tools in the
A
m





not intend to adopt. 'even w
hen firm
 ow













edian pay-back period in this case as five







or electronics industries cannot
















survive despite all their uncertainties aboutinnovation, m
ost
firm






'offensive' innovators, but they





and in the m





 to try and keep
pace in one w
ay or another.
T






















o of the assuiptions of this m
odelare perfect inform
ation
and equal technology. B




pletely unrealistic in relation to m
ost of thestrategies w
e are














s can concentrate all their ingenuity
on low
-cost efficient
production and can ignore other scientific and technical
activities or treat them
 as exogenous to the firm
. Som
e











but they are only at one end ofa spectrum
. T
he 'traditional'
strategy is essentially non-irinovative, or insofar
as it is in-
novative it is restricted to the adoption of process innovations,
generated elsew
here but available equally to all firm
s in the
industry, A











e consider six alternative strategies, but they should be
considered as a spectrum






years and suggests thatin
m
any firm




















one or other of these strategies, they m
ay change from
 one
strategy to another, and they m
ay. follow
 different strategies




n 'offensive' innovation strategy is one designed to achieve
technical and m
arket Ieaderhip by being thead of com
petitors
in. the introduction of new
 products.2 Since a great deal of
w
orld science and technology is accessible to other firm
s, such
a strategy m
ust either be based on a 'special relationship'
w
ith part of'the w
orld sciencetechnology system
, or on strong
independent R
 and D
, or on very m
uch quicker exploitation
of new
 possibilities, or.on som
e com
bination of these advanta-.
ges. T







s, personal links, or a m
ixture of
these. B
ut in any case the technical and scientific inform
ation
for an innovation w
ill rarely com
e from
 a single source or be






ent has a key role in an offensive strategy. It m
ust
itself generate that scientific and technical inform
ation w
hich
is not available from
 outside and it m
ust take the proposed
innovation to the point at w
hich norm
al production can be
launched. A





ed to exploit an innovation already
w
holly or largely developed elsew
here, as w












arily to already established finns, but w
e m
ay





 is related to the reluctance
andinability of m
any established firm






 pursuing an 'offensive' strategy w
ill norm
ally be
highly 'research-intensive', since it w
ill usually depend to a
considerable extent on in-house R
 and D
. In the extrem
e
case it m
ay do nothing but k and D
 for som





ay, of course, be a 'process for other firm
s.
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portance to patent protection since it is
aim
ing to be first or nearly first in the w
orld, and hoping for
substantial m
onopoly profits to cover the heavy R
 and D
costs w
hich it incurs and the failures w
hich are inevitable. It
m





ples of such an offensive strategy w
hich have been






and colour television, D
u Pont's developm





























nuclear reactors. It took m





ent of research before m
ost of these innovations
show
ed any profit, and som
e never did so..
-.
T
he extent to w
hich an offensive strategy requires the pursuit
of in-house fundam
ental research is a m
atter partly of debate





 it is fashionable to deride in-house fundam
entalresearch,
and to regard it as an expensive toy or a w
hite elephant.
C





ent consultants to leave fundam
ental research






e of the m
ost successful 'offensive'
innovations w
ere partly : based on .in-house fundam
ental
research. O
r at least the firm
s w
ho w
ere doing it described it
as such, and it could legitim
ately be defined as research
w
ithout a specific practical end in view




as certainly not com
pletely pure
research in the academ
ic sense of know
ledge pursued w
ithout
any regard to the possible applications. Perhaps the best
description of it is 'oriented fundam
ental research' or 'back-
ground fundam
ental research'. A
 strong case can be m
ade for
doing this type of research as part of an offensive strategy
(O
r even in som







ental research holds that no firm
 can possibly do
m
ore than a sm





is relevant, and that in any case the finn can get access to










because of its failure to understand the nature of inform
ation
processing in research, and the peculiar nature of the interface
betw
een science and technology. T
here is no direct corres-
pondence betw
een changes in science and changes in tech-
nology. T





ore a process of m





ent that 'anyone can read the published
results of fundam





hich have been m
ade in the
U
nited States indicate that access to the results of fundam
ental
research is partly related to the degree of participation (Price
and B
ass, 1969). M
any case studies of innovation show
 that




portant, although the m
ode of access varied considerably
















hich have been considered in Part O
ne (e.g. nylon and
polyethylene), and its role in relation to B
ell's discovery and
developm
ent of the transistor has been discussed in a classic
paper by N
elson (1962). It w
as also im
portant in a significant
proportion of the A
m






he results of SA
PPH
O
, although not strongly
differentiating betw
een success and failure on the basis of
fundam
ental research perform












atter of hair-splitting as to w
hether research is defined as
'background', 'oriented basic' or 'applied research'. T
he
difficulties in defining and m
easuring the various categories
of R
 and D
 are discussed m






bered that all schem
es of classification
are to som
e extent arbitrary and artificial.
Price and B




portance of direct participation as one of the m
odes
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T











bScientists are open to approach














een scientists and engineers
Source:.Price and B
ass (1969)







event' is one w
hich links developm
ents






that 'direct participation' w
as
involved in forty per cent of
the 'events', and 'passive
availability' of scientists outside
firm
s w
as also very im
portant. It
is not unreasonable to




e extent a function of










ould probably be classified as





















lthough the discovery of new
know
ledgà Is not the typical
start ing point [m
y italics] for thó



















ed in advance; instead key inform
ation is
often provided through unrelated research. T
he process is facilitated
by a great deal of freedom
 and flexibility in com
m
unication across
organizational, geographical and disciplinary lines.
3 T
he function of basic research in the innovative process can






he entrepreneurs for the innovative
process usually belong to the latter sector, w








hese findings are extrem
ely im
portant, because it .has
often been concluded from
 individual case studies that techni-
cal innovations bear no relation to basic research or the ad-
vance of scientific know
ledge. T















angrish et al., 1972) w
ere often w
rongly construed in this
w








on a stock of know
ledge m
uch of w
hich is 'old' in this sense.
B
ut the capacity to innovate successfully depends increasingly
on the ability to draw
 upon this w
hole corpus 'of structured
know
ledge, old and new
.
T
he availability of external econom
ies in the form
 of a highly
developed' scientific 'and technological 'infrastructure'
is
consequently a critical elem
ent in Innovative efficiency.
'A
lthough these external econom




ide, and to this óxtent it m
akes sense to talk of a w
orld
'stock' or 'pool' of know
ledge, access to m
any parts of it is
lim
ited. C
ultural,. educational, political, national and pro-
prietary com
m
ercial barriers prevent everyone from
 draw
ing
freely on this stock as w
ell as .purely geographical factors,
T
he ability to gain access to it Is an im





ent and bears a definite relationship to research
purform
ance and reputation. Pavitt's inter-country com
pari-
sons of innovative perform
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conclusion and so too does thó second M
anchester study by
G




ay conclude, therefore, both from








hilst not essential to an offensive
innovation strategy, is often a valuable m
eans of access to
new
 and old know
ledge generated outside the flim
, as w
ell as













ith an offensive strategy aim
s to get there m
any years
sooner. E
ven if it does not conduct oriented fundam
ental
research itself it w






hether by the perform
ance of applied research,
through consultants or through recruitm
ent of young post-
graduates or by other m
eans. T





er policy as w













ost critical technological functions for the
firm









include design-engineering on the one hand, and applied
research on the other. A
 firm
 w
ishing to be ahead of the
w
orld in the introduction of a new
 product or process m
ust
have a very strong problem
-solving capacity in designing,
building and testing prototypes and pilot plants. Its heaviest
expenditures are likely to be in these areas, and it w
ill probably
seek patent protection not only for its original breakthrough




 products are essentially engineer-
ing 'system
s', a w
ide range of skills m
ay be needed. Puking-
ton's w
ere successful w




, largely because they had the scientific
capacity to resolve the problem
s w
hich cropped up in pilot
plant w




e is even m








here has been a great deal of confusion
"and m
isunder-
standing over expenditure on R
 and D
 in
relation to the total
costs of innovation. It becam
e fashionable
to talk of R
 and D
costs as a relatively insignificant part of the
total costs of in-
novation - at m
ost ten per cent. T
his view
is not supported by
any em





















 costs typically account for about
fifty per cent. of. the total
costs of launching a new






aspects of industrial innovation
it is M
ansfield and his colleagues (1971)w
ho got dow
n to the




















of these functions m
ust be efficiently
perform
ed by the inno-
vating firm














e have seen, this w
as charac-










offensive innovators. In the
case of the new
 firm
 established


















to be able to educate both itscustom
ers and its ow
n personnel
A
t a later stage these functions
m
ay be socialized as the new
technology becom
es generally





e decades) the innovating firm
m




























for polyethylene and other
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ork on isotopes, and technical educa-






he 'offensive' innovator w
ill need good scientists, tech-
nologists and technicians for all these functions as w
ell as for
production and m





s are likely to be highly 'education-intensive' in
the sense of having an above-average ratio of scientifically




generation and processing of inform
ation occupy a high pro-
portion of the labour force, but w
hereas for the 'traditional'
firm
 this w
ould represent a 'top heavy' and w
asteful deploy-
m









s in any country are w
illing to
follow
 an 'offensive' innovation-strategy, and even these are
seldom
 able to do so consistently over a long period. T
heir very
success w
ith original innovations m
ay lead them
 into a posi-
tion w
here they are essentially resting on their laurels and con-
solidating an established position. T
hey w
ill in any case often
















'traditional', or 'opportunist '. It m
ust be em
phasized again
that these categories are not pure form


















n the contrary a 'defensive' policy m
ay be just as research-
intensive as an'
policy. T
he difference lies in the
nature and tim
ing of innovations. T
he 'defensive' innovator
does not w
ish to be the first in the w
orld, but neither does he
w
















up of the m
arket. A
lterna-
tively, the 'defensive' innovatorm
ay lack the capacity for the
m







ay have particular strength
and skills in production engineering,and in m
arketing. M
ost
probably the reasons for a 'defensive'strategy w
ill be a m
ix-







es be involuntary in the





























is probably typical of m
ost oligopolistic
m
arkets and is closely
linked to product differentiation. Forthe oligopolist, defensive
R
 and D
 is a form
 of insurance enabling
him
 to react and adapt
to the technical changes introduced by
his com
petitors, Since
the 'defensive' innovator does
not w
ish to be left too far be-
hind, he m
ust be capable of m
oving
rapidly once he decides
that the tim
e is ripe. If he w
ishes
to obtain or retain a signifi-




odel at least as
good as the early innovators and
preferably incorporating
som
e technical advances w

















arket valve designs long after the
introduction of sem
i-











cent could not survive either. T
he 'defensive'innovator m
ust
be capable at least of catching
up w
ith the gam









'innovator but they assum
e
a slightly different role. W
hereas,
for the pioneer, patentsare often a critical m
ethod of protecting
Jr
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a technical lead and retaining a m
onopolistic position, for the




he defensive innovator w
ill typically regard
patents as a nuisance, but w
ill claim
 that he has to get them
 to
avoid being excluded from
 a new
 branch of technology. T
he
offensive innovator w
ill often regard them
 as a m
ajor source of
licensing revenue, as w
ell as protection for the price level

























ill far exceed his expenditure.
(In 1971, IC
! had receipts of £13 m




he 'defensive' innovator w
ill probably find it necessary
to devoteresources to the education and training of his cus-
tom
ers as w
ell as his ow
n staff. H
e w
ill also have to provide
them
 w




ell be less im
portant for the 'defensive' innovators than
for the pioneers, as the product w




n the other hand advertising and selling organizations,
the traditional w




portant, and 10 som
e extent technical service to cus-
tom
ers w






pt to use a com
bination of product differentiation and
technical services to secure a m
arket share not attainable by
sheer originality.
B
oth the 'offensive' and the 'defensive' innovator w
ill be
deeply concerned w
ith long-range planning, w
hether or not
they form





ay still often be the 'vision' of the entrepreneur and his im
-
m
ediate associates, but increasingly this function, too, is be-
com
ing professionalized and specialized, so that 'Product
Planning' is a typical departm




ore speculative type of
'technological forecasting' is m
ore characteristic of the 'of-
fensive' innovator, and as w
e have seen in chapter 7, still has




probably still be regarded




obilize a faction in













ppendix 1, bibliography; Jones,
1969).
T
he 'defensive' innovatoi,then, like the 'offensive'innova-
tor, w

































going to develop and w
hatm







iss the boat altogether,or













geared to speed and efficiency in
developm





take the plunge. Such firm
s
w


















ents. of. both 'offensive'
and
'defensive' strategies in its










cannot risk an 'offensive'
strategy or lack the scientific
environm






 is able or w
illing to
pursue is










































strategy cannot be dealt w
ith



















s in the developing
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countries are 'im
itative', 'dependent' or 'traditional') w
ith
E
urope in an interm
ediate position. T
his m
eans that a 'defen-
sive' innovation strategy has been particularly characteristic
of E
uropean firm




tation of Japanese experience since 1900 w








itative strategies, and then to defensive and offen-
sive innovations. Japanese national policy has been designed
to facilitate this progression.
A
 technology policy of this sort involves a gradual change in
the 'm
ix' of ST






he type of R
 and D
 also changes from
 adaptive to in-
creased originality, but it m








ly strengthening their technical resources, on the
basis of a carefully conceived long-term
 national policy, in-
valving protection of 'infant technology' as w
ell as the build-
up of a w







ith the size, resource endow
m
ent






 (Scientific and T
echnical
Inform










onsultancy organizations capable of im
partial
scrutiny and feasibility studies for projects involving im
ported
technology are all of critical im
portance. T
hey can provide the




S at enterprise level to function effectively, despite the
inevitable lim






ill gradually be able to develop




ever, even in the U
nited States the vast m
ajority of firm
s
are 'traditional', 'dependent' or 'im
itative' in their strategies.
W
e now
 turn to a consideration of these alternatives.
'Im
itative' and 'dependent' strategies
T
he 'defensive' innovator does not norm
ally aim
 to produce a
'carbon' copy im
itation of the products introduced by early
'Im









upon their design, and he
m
ust
have the technicalstrength to do
so. A
t least he w
ould like
to










tion rather than sim
ply
by taking





of using itas a spring-
















































lag is long then itm
ay be unnecessary
to
























of its activity rather
















s, as the im
itators
w
ill rely on the
pioneering w
ork of others


































































user of synthetic rubber,
such as a tyrecom
pany, m
ay decide
to go .into production
on
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ay be in a geographical area in w
hich
the firm
 enjoys special advantages, varying from
 a politically
privileged position to tariff protection. (T
his w
ill be the typical
situation in m




ay enjoy advantages in low
er labour
costs, plant investm






portant in electrical equipm
ent, the






the result of a natural advantage or of other activities (e.g. oil
refineries in the plastics industry). Finally, the im
itator m
ay
enjoy advantages in m
anagerial efficiency and in m
uch low
er
overhead costs, arising from
 the fact that he does not need to
spend heavily on R
and D
, patents, training, and teôhnical ser-
vices, w
hich loom





itators are able to erode the position of the early
innovators through these advantages w
ill depend upon the
continuing pace of technological changc T
he early innovators
w
ill try to m





ent, so as to lose the 'im
itators'. B
ut
if the technology settles dow
n, and the industry becom
es 'm
a-
ture', they are vulnerable and m
ay have to innovate elsew
here.
D
u Pont's decision to m
ove right out of the rayon industry
despite their technical strength is a good exam
ple of strategic













able 39 and Figure 9). T
he extent to w
hich
they are actually able to do so, particularly in developing





itator' enjoys significant m
arket protection
or privilege, he m
ust rely on low
er unit C






ean that hi addition to
low
er overheads, he w
ill also strive to be m
ore efficient in (he
basic production process. H
e m
ay attem
pt this by process im
-
provem




ill usually be operating to his com
petitive disadvantage, so
that good 'adaptive' R
and D
 m
ust be closely linked to m
anu-
facturing. C
onsequently production engineering and design
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are tw





ven if he is m
aking carbon copies under licence, the
im
itator cannot afford to have high production C
osts unless he
has high tariff protection. H
e w
ill also w
ish to be w
ell-
inform
ed about changes in production techniques and in the
m
arket, so that scientific and technical inform
ation services
are another function w





ation function is also im
portant for the selection of
products to im
itate and of firm
s from
 w
hich to acquire know
-
how
. It is clear that in all of this the w
ould-be im
itator in the
typical developing country m
ay be severely handicapped by
local circum
stances, unless national policies are carefully de-
signed to facilitate technical progress..
A
'strategy involves the acceptance of an essen-




 does not attem
pt to initiate or
even to im
itate technical changes in its product, except as a
result of specific requests from
 its custom
ers or its parent. It
w
ill usually rely on its custom
ers to supply the technical
specification for the new
 product, and technical advice in in-
troducing it. M
ost large firm
s in industrialized countries have
a num




ponents, or doing contract fabrication and m
achining, or
supplying a variety of services. T
he 'dependent' firm
 is often a
sub-contractor or even a sub-sub-contractor. T
ypically, it has






s in capital-intensive industries are often
in this category and hence account for hardly any innova-
tions (see chapter 6).
T
he j,ure 'dependent' firm
 is in effet a departm
ent or shop
of a larger firm
, and very often such firm
s are actually taken
over. B
ut it m
ay suit the large firm
 to m
aintain the client rela-
tionship, as sub-contractors are a useful 'cushion' to m
itigate
fluctuations in the w











ay hope they w
ill ultim
ately be able to change




ay in any case prize even that lim
























portance of variousfactors Indifferent
phases of the productcycle.
T
he purpose of the
blocks Is sim
ply to rankthe im
portance of the
differont factors, atdifferent stages of the
product cycle. T
he
relative areas of the




ore precise than this.&
C






hich they stillenjoy as a satellite
firm
















entrepreneurial skill, specialized craft know
ledge or other
peculiar local advantages. E
ven if they are 'squeezed' pretty
hard by their custom
ers, they m
ay prefer to endure long
periods of low
 profitability rather than be taken over com
-
pletely. A












 the 'traditional' In the na-
ture of its product. T
he product supplied by the 'traditional'
finn changes little, if at all. T
he prödüct supplied by the 'de-
pendent' firm
 m
ay change quite a lot, but in response to an in-
itiative and a specification from
 outside. T
he 'traditional' firm
sees no reason to change its product because the m
arket does
not dem
and a change, and the com
petition does not com
pel it
to do so. B
oth lack the scientific and technical capacity to
initiate product changes of a far-reaching character, but the
'traditional' firm
 m
ay be able-to cope w
ith design changes
w
hich are essentially fashion rather than technique. Som
etim
es




ay operate under severely com
petitive
conditions approxim




ists, or they m
ay operate under conditions of frag-
m
ented local m
onopoly based on poor com
m
unications, lack
of a developed m
arket econom
y, and pre-capitalist social sys-
tem
s. T
heir technology is often based on craft skills and their
scientific inputs are m
inim
al or nonexistent. D
em
and for the
products of such firm
s m
ay often be very strong, to som
e ex-
tent just because of their traditional craft skills (handicrafts,
restaurants and decorators). Such firm
s m
ay have good survi-
val pow




any branches of industry they have pioved vulnerable
to exogenous technical change. Incapable of initiating techni-
cal innovation in their product line, or of defensive response to
the technical changes introduced by others, they have been
gradually driven out. T
hese are the 'peasants' of industry.
A




inantly 'traditional', and others charac-
Innovation strategy In developing
countries
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terized by rapid technical innovation.
It has been argued that
an im
portant feature of the tw
entieth
century has been the
grow
th of the 'research-intensive'sector. B
ut it is a m
atter of
conjecture and of policy as to how
far this change m
ay
con-














ith little further technical

















a higher rate of technical






entieth-century industry, but it
m
ust be seen over a long tim
e-perspectiy.
T
his shift has been less the




ent policies have in-
creasingly tended to favour this
change) than the outcom
e of




e and abroad, and ofattem
pts to realize the
dream
s of inventors. T
he efforts
of firm
s to survive, to
m
ake
profits and to grow
 have led them
to adopt one or m
ore of the
strategies w
hich have been discussed.
B
ut the variety ofpos-
sible responses to changiflg
circum
stances is very great, and
to
allow


























to prosper by finding
an im
por-
tant 'niche', and providing




ers need, but nobody else has thoughtto provide. Im
agi-
native entrepreneurship is
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F
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there is no recipe w
hich can ensure success and intense con-
troversy still surrounds the im
portant ingredients. T
he fact




hich they confront, and has led increasingly to
the involvem
ent of governm
ent, to subsidize R
 and D
, to









policy for science and technology. T
hese problem
s are parti-




ay 'for a w
hile base itself
m
ainly or entirely on an industrial structure w
hich relies on
dependent and traditional strategies. If it does so, it is likely to
rem
ain extrem
ely poor and backw
ard. O
ne possible alterna-
tive is the C




ven a successful im
itative strategy, although
it m
ay lead to industrial developm
ent, w
ill reach a point w
hen
export com
petitiveness in labour costs m
ay increasingly conflict
w
ith the goal of higher per capitaincom
es. In such a case, the
Japanese strategy of m
oving up the scale steadily m
ay be the
m
ost appropriate, and the 'distinctive feature of the Japanese




underpinned the efforts of m
anagem
ent at enterprise level.
H
ow
ever, the Japanese success in raising per capita incom
es
rapidly and in strengthening the technical capacity of the
econom
y, has been accom
panied by considerable degradation
of the environm
ent and other unpleasant consequences of
rapid industrial change. It is to these problem
s of national
and international policy for innovation and for science and
technology that w
e turn in the final chapter, but here it w
ill be
useful to consider very briefly som
e of the problem
s of devel-
oping countries in the context of the analysis in this chapter.
Innovative effort w
hich is directed tow
ards satisfying the
m
arket needs of consum
ers tends to be biased tow
ards higher
incom
e groups for several reasons. M
ost obviously, of course,
poorer people cannot afford m
uch m
ore than the bare neces-









 products tend to have





ealthier people and richer firm
s
can




It is on a global scale .that the m
ostextrem
e effects of w
orld-
w
ide inequality in incom
es
are apparent. T




so great as to constitute a dangeQ


















e than that of
any individual country. N




































nd here the bias in
capital goods sector is
often of the greatest im
portance. T
he
need for innovations in
both capital goods and consum
er
goods designed specifically
for the needs of the developing countries
is very great; yet the
innovation m
echanism
 of the' w
orld
m




ards the high incom
e
countries. T











he need for labour-
intensive innovations can
never be m








technologies developed for entirely different
m
arkets through













port of foreign technology is







n the one hand, a
position of com
plete autarchy in science
and technology, of
striving to be com
pletely independent in
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of the Firm
international interchange and
division of labour in w
orld
science and technology. O
n the other
hand, an international
division of labour in science and
technology w
hich is so one-
sided that it leaves large areas virtually
denuded of indepen-





ic grounds it is highly inefficient, and is only
recom
m
ended by those econom
ists
w







ilate any sophisticated technology











ot just in agriculture,
but also in m
anufacturing, the variety
of local conditions is so
great that sim









e independent indigenous science base.
T
o solve the innum
erable local
problem
s of soil, m
aterials,
environm






hat is desirable on econom
ic
grounds is even m
ore so on




nical capacity is necessary for
assim
ilation of the results of
foreign ràsearch and technical progress, it is undoubtedly pos-
sible to get by w




ent than that m
ade
in the super-pow





bviously the size of a country has a very
great bearing
on this question and
w
ill affect the degree of specialization
w




an inescapable necessity for m
ost




ic consequences of this situation are
perhaps not too






















 is to som
e extent a
defensive reaction
against the political dangers of potential lack
of access. O
nly
in proportion to the grow
th of m









utually beneficial international division of labour in
science and technology be possible. Such a division m
ust in









plications of this are com
plex for technology and
m
ultinational corporations but relatively clear for funda-
m
ental science. T
he greatest significance of fundam
ental re-




hich to build a w
ide range of scientific and technical
services. E
very country w
ithout exception requires such a base,
even if only on a very sm
all scale. W
ithout it there cannot





ne of the m
ain objectives of w
orld policy for
science and technology should be to build and sustain, an in-











ards the reorientation of w
orld science




he fact that a m
ajor indus-
trialized country w
as ready to devote resources to strengthen
R
 and D
 in developing countries in this w
ay is a hopeful sign.
B
ut the need for afar greater redistribution of w
orld scien-





ne of thi book it w
as argued from
 historical evidence






portant social changes in tw
entieth-century indus-
try. In Part T
w
o it has been argued that the requirem
ents of
successful innovation and the em









eans that it is no longer satis-
factory (if it ever w
as) to explain firm
 behaviour exclusively in
term







orld technology is just as m
uch a part of the firm
's environ-
m
ent as the w
orld m
arjcet, and the firm
's adaptive responses to
changes in technology cannot be reduced to predictable reac-
282 Innovation and the Strategy of the Firm
tions to price changes. T
his m
akes things difficult for econo-
m
ists. It m




engineers and to sociology, psychology and political science.
E
conom
ists have an elegant theory w
hich is confronted w
ith a
very untidy and m
essy reality. T
heir theory w
as and is an im
-
portant contribution to the explanation and prediction of
m
any aspects of firm
 behaviour, but it is not self-sufficient and
attem
pts to m
ake it so can only lead to sterility.
T
he sketchy discussion in this chapter is not intended as an
alternative theory of firm
 behaviour. Such a theory requires a
greater integrative effort in the social sciences than I am
capable of. B




braced by any theory w
hich seeks to explain
the firm
's adaptive response to technological change, as w
ell
as to price changes in its factor inputs and the m
arket for its
products. T
here are encouraging indications that social scien-
tists from
 several' disciplines, including econom
ists, are begin-
ning to tackle the developm
ent of a m
ore com
prehensive and
satisfactory theory of the firm
. Particularly notable is the w
ork
of M
ansfield (1968a and b; et al., 1971), N
elson (1962, 1971)
and G





pirical studies of firm







ay at last bridge
the chasm
 w
hich has developed betw
een the em
pirical find-











areness of the relevance of




the increased specialization and com
plexity of technology and
the em
ergence of a techno-structure' is fully consistent w
ith
the argum
ent of Part O
ne, but there are som
e im
portant dif-
ferences of interpretation w


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Microelectronics, Industry, and the Third World
MICROELECTRONICs,
INDUSTRY, AND THE THIRD
WORLD
Kurt Hoffman and Howard Rush
As microelectronics revolutionises production in the developed
countries, the traditional export Successes of the Third world
(eg garments and electronics) are threatened. That trade, which
has grown rapidly in the pasl decade, relies heavily on the com
parative advantage of low-wage high-skill labour. People are
flexiblethey can learn new skills and adapt to new fashions.
But microprocesors are eroding that advantage. The newly
industrialised countries, in particular, may be able to respond by
competing in a wider range of exports. However,, there is an
urgent. need for government intervention to ensure that the less
developed countries acquire the software capabilities needed to.
make full use of the new technology.
TIlE PRODUCTIVE sector of the advanced industrial economies is devoting
considerable resources, time, arid creative talent to the commercial exploitation
of microelectronics. Despite their recent emergence, microelectronics have
revolutionised the ability to receive, manipulate, and transmit information.
Dramatic reduction of costs and increases in reliability, have allowed the new
technology to take over information-processing functions previously carried out
in productive systems by mechanical, pneumatic, hydraulic, or electric devices.
Examples include such varied products and processes as cash registers, television
sets, machine tools, and plant-monitoring systems. That the impact of micro-
clectronics will be widely felt in developed economies is perhaps most evident
in the fact that robots and automated factoriesonce the dream of imaginative
Kurt Hoffman and Howard Rush are research fellows at the Science Policy Research Unit, University
of Sussex, Brighton lINt 9RF, UK. This article is based on a paper presented to a seminar entitled
"Restructuring British industry: the Third World dimension" organised by the Catholic Institute for
International Relations, 7 February 1980; and on a SPRU Occasional Paper, to be published in 1980.
Howard Rush was an associate fellow on the UNITAR project for the future when this article was
written.
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engineers and managershave already left the drawing board for the shop
floor in Japan, Europe, and the USA.
What socioeconomic consequences will accompany the widespread applica..
ton of microelectronics in the developed countries? Views about the size and
direction of such effects vary widely, depending partly on the country being
analysed and partly on the technical background and political orientation of the
research group doing the analysis. Enthusiastic optimists see new jobs emerging
to replace the alienating occupations swept away by the new technology. Others
offer a more pessimistic vision of mass unemployment and social crisis, parti-
cularly if new labour-displacing systems are introduced without the consent or
participation of the workforce.
Whichever view proves more accurate, both are limited by ignoring the
potential international ramifications of the diffusion of microelectronics. The
nature of the technology, and of the changes it will bring about ensures that the
effects will not be felt solely in the advanced industrial economies. Many
Third-world countries strongly linked with the world economy will, we believe,
also experience effects which could spread across all aspects of economic,
political, technical, and social relations at both the international and the
national level. This article is an initial and largely speculative attempt to discuss
those effects. We have tried to bring together the existing empirical information
and assess its implications. Developments in two sectors, garments and elec-
tronics, are used to highlight some of the most important issuesand we
conclude the article with a review of possible responses from the less developed
countries.
The existLng pattern of Third-world exports
A priori, little information kads one to expect that these impacts will not be
beneficial overall. There is, however, already considerable evidence that the
use of microelectronics could lead to changes which may significantly alter
current patterns of Third-world trade, particularly in manufactures. These
changes could take a variety of forms, including shifts in comparative advantage,
increased levels of protection in developed countries, or the creation of newly
tradeable products or skills.
The trends in international trading patterns, and the underlying structural
characteristics which determine the international distribution of benefits, set
the context into which microelectronic-based innovations will be introduced.
Given the heterogeneous nature of the less developed countries, the effects of
the new technology will differ significantly across Third-world countries.
lit is arguable that the newly industrialised countries have the economic
strength and technological capacity to adapt to a rapid change and competition
in the world economy. It is equally plausible, however, that for some of thesc
countries, the nature of their integration into the world economy will prove
problematic. Export-oriented economies solely dependent on cheap labour may
lose their comparative advantage in a relatively short time, with potentially
severe balance-of-payments and employment effects.
Developing countries which arc just beginning to diversify their industrial
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of growth, face an additional set of obstacles. Internal economic difficulties in
the developed countries, in part reinfbrced and in part occasioned by micro-
electronics, may contribute to an atmosphere profoundly biased against
allowing cheap-labour imports from a growing number of poorer developing
countries. Unlike the newly industrialised countries, they probably do not have
the technical capacity to respond to changes in competitive conditions. The tech-
nological requirements for competing in high-income markets will be beyond
the capabilities of many Third-world countries.
Any shifts in comparative advantage which result from the widespread
diffusion of microelectronics in the advanced industrialised countries is bound
to have repercussions inhibiting the recent Third-world efforts to increase their
exports of manufactures. Although available estimates vary widely, the overall
annual rate of growth for all developing countries was estimated to be around
26% for the period 1967-1974.' If divided by region this works out to an average
rate of growth of 35% for Latin America, 34% for Africa, 20% in the Middle
East, and 29% in the rest of Asia.' Nearly 40 of the less developed countries
were able to export manufactures valued at $100 million in 1975 and roughly
half exported in excess of $200 million. In total value, exports of manufactures
have increased from $46 thousand million in 1965 to $55 thousand million in
1977, an annual growth rate of 14%.
Obviously, these aggregate figures hide important differences across countries
and between sectors. In reality only about 12 less developed countries (the
newly industrialised countries) account for nearly 80% of total manufactured
exports from the Third world.' For these countries the increase is a significant
achievement (often obtained at a high social cost) particularly when it is
balanced against some of the more pessimistic economic forecasts made during
the past decade.
Developing countries traditionally enjoy their greatest comparative advan-
tage in labour-intensive products such as garments, textiles, shoes, and leather
goods. While relatively more complex and capital-intensive products are now
also produced in the Third world, labour-intensive goods still account for a
sizeable percentage of total exports and continue to be important sources of
employment and foreign exchange. For the newly industrialising countries,
labour-intensive goods account for over 40% of manufactured exports from
South Korea, Taiwan, Hong Kong, and Singapore, and over 20% from Brazil,
Argentina, and Mexico. For the less industrialised countries, the percentages
are even more dramatic, accounting fpr 73% of manufacturing exports in
Egypt, 79% in Pakistan, 52% in India, 97% in Bangladesh, 71% in Iran, and
61% in Morocco.'
From the mid 1960s to the mid 1970s the rate of growth of these exports has
been phenomenal. For garments and textiles, the annual growth rates between
1970 and 1975 were 203%. and 17.8% respectively.' These impressive rates of
growth in the export of traditional manufactures have led many less developed
countries to formulate medium-range to long-range industrialisation plans
which rely on continued increases in their exports of these products. South
Korea has announced plans to double the size of its textile industry by l985.
China, Taiwan, India, and Singapore have all recently presented planned
increases of similar magnitudes in textiles, garment, and shoe production.
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The recent growth figures, however impressive, must also be seen in the
perspective of total world trade. For example, the less developed countries'
share of developed-country markets for garments and textiles was still relatively
small up to 1975: they accounted for 4% of the domestic market in the USA,
8% in West Germany, 6% in the UK, 5% in Canada, 4% in Japan, and 2%
in France.8 The core of the problem faced by the developed countries is that the
size of penetration for these product groups relative to total imports has been
high. For instance, recent estimates show that imports of garments from the
newly industrialised countries account for nearly 75% of all less-developed-
country-manufactured exports into the UK: imports from newly industrialised
countries account for 57.5% of all UK garment imports which in turn meets
30% of home demand.' For the QECD as a whole, in 1977, 385% of all
clothing imports (Standard International Trade Classification 89) originated
from newly industrialised countries, 31.3% of all leather goods imports (SITC
61, SITC 83.05), and 10.8% of all textile imports (SITC 65): other less deve-
loped countries accounted for an additional 5% of clothing, 25% of leather
goods, and 53% of textiles.10 Such product-specific penetration in developed-
country garment and textile markets is the prime cause of increasing protec-
tionist pressures which conflict with the conventional free-trade policies
espoused, at least publicly, by developed-country governments.
The expectation that exports of labour-intensive products can continue
indefinitely to grow rapidly is unrealistic given present conditions in the
developed-country economics. Most recent forecasts by international agencies
such as the World Bank suggest that exports will continue to grow through the
1980s. According to these reports, the growth rates will be much lower than in
the previous decade, with garment exports increasing by only 5.5% per year
and textiles by 4.3%.11 With the potential diffusion of new microelectronic-
based technologies, however, even these estimates must be reexamined.
Particularly susceptible are production systems in those sectors where the less
developed countries enjoy a comparative advantage based on cheap labour-
sectors which account for the largest (garments, textiles, shoes) and most
rapidly increasing (electronics) shares of exports. The production process in
such sectors is characterised .by a number of discrete stages. These can be
entirely labour intensive (as with garments and shoes) or partly labour intensive
(as with the assembly of electronic components and final consumer products).
The introduction of microelectronics may lead to improvements in overall
productivity great enough to overcome the powerful economic logic of inter-
national wage differentialsthe factor which gave the Third world its tradi
tional comparative advantage and, in some sectors, tended to slow the process
of innovation.
A brief description of some innovations now being developed in the garments
and electronics sectors of advanced industrial countries may help to illuminate.
the nature of the technical changes we have been discussing.
High skill and low wages in garment production
The garment sector is a good example and provides analogies with current
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Production is sequentialthe pattern is marked, the cloth is cut, the different
components of a single garment are bundled together, and finally assembled.
At every stage, an operative is needed at the interface between material and
machine to process the relevant information, carry out the operatioü manually
or instruct the machine, and then ensure that the material passes to the next
stage.
In the clothing industry, the nature of the information flows and the corres-
ponding transformation activities (marking, cutting, assembling) are fairly
complex. Truly repetitive activities (Ic straight cuts or seams) which can be
repeated on every garment are relatively rare. The wide variety in size, volume,
and location of subcomponents, even within one style or production run,
necessitates frequent changes in operating paraneters. These are compounded
by regular changes of fashion, which often require the production of a com-
pletely different type of garment. For many activities in the clothing industry,
highly skilled manual operatives have proved the most efficient choice,
primarily because of their ability to respond flexibly to changes in operating
parameters.
Low wages and a highly skilled labour force gave Third-world firms their
comparative advantage in particular subsectors. Large international firms have
also moved quickly to exploit these factor cost advantages. They have located
all or part of their process in low-wage countries (in locally owned subsidiaries
or joint ventures) or have subcontracted out assembly activities to locally owned
firms.
Automatic tailors
In the 1960s the advent of ejectronics speeded innovation, mainly in very specific
subprocesses and with little effect on Third-world export opportunities. The
high capital cost of mechanisation within those subsectors continued to preserve
the comparative advantage of less developed countries. However, the wide-
spread introduction of microelectronics is likely to lead to major changes in the
relative factor costs. The new technology has the information-processing
capacity and the inherent flexibility to allow radical technical changes at the
subprocess and systems level by overcomii technical and economic obstacles.
The nature of such changes is illustrated by microelectronic-based technical
developments which have already been introduced. The value of the cloth
commonly accounts for about 50% of the total cost of the garment. The crucial
phase of laying out patterns on the cloth must therefore minimise wastage.
Traditionally, this has been a skilled and relatively time-consuming manual
task: it includes cutting and grading the patterns, stretching the cloth, inspect-
ing the cloth for faults, laying out the pattern, marking on the top layer of cloth,
removing the pattern, and again inspecting for faults. The cutting stage is
equally skill and time intensive to avoid high cloth wastage through inaccurate
cuts.
Laying out and cutting have traditionally been separate tasks and innovations
have occurred on the machinery used at each stage. Technology, however, is
now available that combines computerised optimal-pattern layout with electro-
nically controlled laser cutting or with high-pressure water jets. Optimal-
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pattern placement is automatically worked out (without laying Out) and the
cloth is direcfiy transferred onto cutting machines. This has greatly reduced the
time involved in these phases of the process from about one hour to under
four minutes per new pattern. Skilled-labour input is reduced dramaticallyone
UK manufacturer was able to cut this component of its workforce from 200 to
20 skilled operatives. Savings on cloth wastage using computierised layout have
been estimated at 8_l5%.12
Technical changes of similar magnitude have also occurred in equipment
used at the assembly stage: the sewing together of the separate pieces of the
garment itself and such subcomponents as buttons, pockets, collars, and other
extras dictated by fashion. This stage of the production process is often sub-
contracted out by developed-country firms to low-wage companies in less
developed countries. The assembled garments, almost but not quite complete,
are then reimported under off-shore tariff provisions.
The technical problems of mechanising and automating remain formidable.
However, automation of sewing equipment is advancing extraordinarily
rapidly. Microelectronics has facilitated the development of photoelectric
edge-sensing equipment which monitors the edge of the materials to be sewn
and draws the sewing heads along with it. Robotic sewing-machine heads can
now be computer programmed and controlled to perform the infinite variety of
stitches that are requiredand they never forget how and never drop a stitch.
Automatic fabric manipulators control the movement of the material and
ensure that it is in the correct position to be sewn. The new technology has also
led to the development of a variety of heat-based fusing techniques which
replace conventional sewing of collars, cuffs, and even long seams. And con-
tinuous changes in operating parameters can now be programmed into machine
headspreviously the specific process would have had to be halted while the
appropriate changes were made manually.
Although fully automated garment production is not yet an economic reality,
the trends in technical change and the expectations in the industry point
unmistakably towards the development of increasingly comprehensive systems.
.The information flows for the entire process of design, layout, monitoring for
faults, cutting, and sewing can now be integrated into a centralised control
system. The engineering of fully integrated systems remains an obstacle but
many of the interface problems have already been solved.
The impact on the Third world
Whether or not these systems affect Third-world production will depend on
many factorstue price of the capital equipment and its availability, the skill
required to use the new equipment, and the speed of the response by Third-
world producers.
The firms in less developed countries have in the past had access to advanced
equipment on the international machinery market, although to date they have
tended to rely extensively on conventional multipurpose machines and cheap
labour to perform manually the tasks which are becoming increasingly auto-
mated in developed countries. This combination has given them the capacity to














Offshore assembly in the electronics sector
Similar trends in technical change can also be observed in electronics. Such
b1e. products follow closely behind textiles and garments as the third major group
arily of manufactured exports from the less developed to the developed countries.
ctric Indeed, Third-world exports of electronics products have grown faster than any
;ewn - other product group during the l97Os.' The degree of penetration that has
can been achieved by particular electronics products in developed-country markets
ty of vanes extensively but can be quite high In 1974, newly industrialised countries
itch. accounted for 119% of OECD imports of electrical machinery (SITC 72).
and However, at the four-digit (Ic specific product) SITC level, "the share varies
also from less than 1% for electromedical radiological apparatus and electro-
hich mechanical hand tools to 293% for electronic components and radio receivers.
con- On a seven-digit (SITC) basis calculated for US imports, three product groups
hine m electrical machinery had developmg-country shares above 80%" 15 This is
the an impressive performance in what is ostensibly a high-technology industry. It
has led many less developed countries to increase their efforts in promoting
lity, . domestic production activities in this sector. Unfortunately, these aggregate
oznt figures are again misleading and tend to hide structural characteristics which
ems. are not as favourable to the host countries as might at first appear.
for One of the most important factors which underlie the 'apparent' success of
itrol electronics exports from less developed countries is the extent to which these
but exports are under foreign control. In general, the degree of foreign control
varies significantly between countries and s'übsectors. The problems posed by
an extensive foreign presence in less developed countries production have been
widely discussed in the literature.15 Although there is insufficient evidence to
point conclusively to a correlation between the activities of trausnational
I on corporations and export-oriented sectors,15 the data available do indicate that
skill transnational corporation participation is relatively high in those sectors that
ird- have recently experienced the highest rates of export growth Most notable
among these is, in fact, the electronics sector where the combined value of
iced expoils by wholly owned subsidiaries and joint ventures was equal to 70% of
pave . total electronics exports from South Korea in 1975, 99% from Singapore in
teap 1975, and over 90% from Argentina in 1979.1?
uto- V The objectives of the foreign firms which dominate Third-world electronics
y to - exports are directly related to the so-called 'offshore assembly' provisions in the
- to tariff laws of many developed countries. The best examples relate to items
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respond quickly to changes in fashion arid competition. Undoubtcdly these
characteristics will allow Third-world producers to resist the effects of technical
change in the developed countries for some time to come. But this ability to
resist must gradually be eroded by the combined effects of rising domestic
wages, higher and broader tariff barriers, and innovations, controlled by the
developed countries, increasingly directed at activities where the less developed
countries now enjoy a comparative advantage. The crucial variables are likely
to be the rate at which these applications are developed and their speed of
diffusion among dtveloped countriesissues on which little information is yet
available.
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806.30 and 807.00 of the US tariff schedules. Under these provisions, import
duties are imposed only upon foreign value-added, when domestic materials are
sent abroad for fi.trther processing and then reimported. This encourages the
importation of semifinished productslcomponents (rather than finished pro..
ducts) by increasing the profitability of retaining part of the production process
overseas.18 A vast range of products is imported under these provisions: most
prominent are metal products (the category which includes electronics),
textiles and garments, and chemicals. Minian's work in this area has shown
that imports under these clauses have grown faster than the rate of growth of
total US manufactured products and, more importantly, that imports from
less developed countries have grown from 64% of this total in 1966 to 43.3%
of the total in. 1974an annual growih rate of 57.4%.19
In garments, after supplying cut material for sewing to subsidiaries, and
subcontractors in less developed countries, US firms then reiniport the nearly
finished product. The share of these imports (under sections 806.30 and 807.00)
increased from 0.3% of total garment imports in 1965 to 1025% in l974.'
The import of electronics has shown equally impressive rates of growth,
increasing from 10% of all imports (under 806.30 and 807.00) in 1965 to 26%
in 1974. As with garments, only very specific phases of the production pro-
cess are located in less developed countriesassociated primarily with
assembly (which includes detailed bonding work as well as more straight..
forward component assembly) and testing. Within this group, imports of
semiconductors and other components have grown very rapidlyboth as a
percentage of total imports under these clauses (from 33% in 1966 to 13% in
1977) and as a percentage of total US imports of these products. Parthasarthi
has shown that for the USA in 1969, within their respective product categories,
semiconductors and parts accounted for 96% (and was the largest in value
terms) and television receivers and parts took up over 75% of total imports.'8
The total value of US imports of these products had grown dramatically from
the 1969 figure of $498 million to $9613 million in 1974.
This dominance of the import of assembled electronics components in the US
market is mirrored at the world level. In 1973, imports of semiconductor
devices accounted for 40%. of electronics imports from less developed countries
to all developed countriesin value terms, double the 1972 figure.2° Under
offshore assembly provisions, imports from less developed countries have
shown similar rates of growth in West Germany and the Netherlands: for the
period 1966-1972, the annual import growth rates were 36% and 39% respect..
ively.8'
Despite these structural problems, the scale of trade has probably given the
less developed countries significant benefits in employment and foreign
exchange. However, microelectronics-based innovations, which would allow
the automation of the entire process, already threaten these largely labour-
intensive activities in the assembly and testing of electronics components and
final products. The strength of foreign control over such activities gives' the less
developed countries little recourse when decisions are taken to shift part, or all,
of their production back to fully automated plants in Europe or North America.
The technology that will allow this to be done is already being developed and,




































:110w In both the garments and the electronics sectors, the responses available to
our Third-world firms will influence the outcome of technical change.
and Countries with a capability in a specific subsector of electronics may have
e less the inputs and expertise to incorporate electronics into industrial processes and
r all, other exports. For example, South Korea is a highly successful exporter of ships
P?rica. of all types. Ocean-going vessels incorporate a significant amount of electronics
1and, equipment, which South Korea has previously been able to supply indigenously
elec- New generations of maritime navigational and communication equipment will
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tronics sector as prices rapidly decrease makes the relocation and automation
of production an important option open to international firms.
Will automation be allowed to reach the Third world?
An example can be found in the technical developments taking place in the
assembly of final products, cg television sets, radios, and home entertainment
centres. Microelectronics have led to dramatic product changes. The most
important has been the reduction of the number of componentsit has dropped
from 1200 to 400 in a (standard) television set.22 This, in turn, has facilitated
the development of automatic insertion equipment which has the potential to
perform assembly activities now performed manually.23
Some, but relatively little, automatic insertion is already being carried out
by developed-country firms. There are great differences in the extent to which
the various competing firms use automatic insertion: there are variations, too,
in the amount of R and D now committed towards achieving full automation.
Japanese firms are the most advanced in both areas, reflecting their emphasis
on the competitive strategy of reliability, efficiency, and quality. All Japanese
firms producing televisions use automatic insertion for component assemblya
total o over 75% of components are automatically inserted on printed circuit
boards. They also use automated testing. US and European firms lag behind in
the use, and development, of automatic insertion for consumer electronics: they
appear content for the moment to continue to assemble manually in low-wage
countries.29 However, automatic insertion is expected to become a major
determinant of international competitiveness: given the industry's previous
rapid adoption of innovations, it should not take long to diffuse amongst
developed-country firms.
There is little evidence to suggest that transnational corporations will be
willing to supply subsidiaries with this advanced equipment. At present, most
transnationals producing televisions prefer to exploit the Third-world advan-
tage of cheap semiskilled labour, which requires little technical back-up. Japan
is the only exception, because it faces developed-country tariff and quota
barriers that other producers do not have to overcome. Japanese firms have
therefore located production in low-wage countries (eg South Korea and Hong
Kong) and exported to developed-country markets from there. Such firms
have transferred automatic insertion to some Third-world subsidiaries but will
increasingly locate new production ventures, using automated techniques, in
developed countries.
A range of Third-world responses
PUTURES August 1930
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probably incorporate microelectronicsand some observers expect that South
Korea will be able to successfully utilise this equipment in its vessel production.ls
Similar examples exist in the same sector for Mexican exports of fishing traw1ers
Argentinian production of numerically controlled machine tools incorporating
imported electronics, and Indian and South Korean exports of textile machi
nery, which increasingly includes microelectronics.
This type of option is open to some, but not many, developing countries, Th
successful export of manufactures has, of course, been accompanied by other
developments which are indicative of increasing Third-world technologica
sophistication and widen the range of responses available. In addition to flna
products and capital goods, some countries are competing internationally in a
range of technology-based exports. These include both disembodied an
embodied technology, supplied through turnkey projects, direct investment'
and joint ventures, licensing agreements, and consultancy activities. They a
also increasingly engaged in the provision of civil construction services and other
technical services in health, agriculture, tourism, and finance.14 For the
countriesoften within the category of newly industrialisedmicroelectroni
presents a new range of problems and policy options. Much depends upon the
availability and flexibility of existing skills as well as the constraints on acquirir
new skills and new technologies.
Software skills: the key to success
In the long term the key factor, both in the responses open to any particul
Third-world country and in the resulting impact of microelectronics, will
probably be the ability of that country to make creative use of the softwa
element of the technology. This is because, before the microprocessor c2
function, it must be programmed. Instructions on how it is to process (contrt
monitor, or diagnose) the information passing through it must be programmed
into the surface of the silicon chip. Each program can be designed to meet t
precise specifications of the job at hand, be it a single startstop instruction
the control and monitoring of all processes in a chemical plant.
As the use of microelectronics increases, demand for software services w
increase. At present, the manufacturers of microelectronic products are also i
suppliers of software or development aids for software fabrication. If mid
electronics are being used on a large scale (eg incorporated in final consumer
products) then mass standardised automatic programming is used. Alternativ
a microprocessor can be programmed to the user's exact specifications fo
very particular function. Semiconductor manufacturers appear to be keeping
up with most of the current demand for software services from user firms a
software houses. As demand increases both quantitatively and qualitatively ,
more specialised programmes) the software capacities of manufacturers a
specialists will probably be outstripped at least in the short run. This results
from an important differentiation between software skills: the 'know how
programming itself and the 'know what' required to use programming s1
for specific applications.
At present, software specialists meet the spillover demand (not met by ma'-





























As with earlier generations of firms specialising in computer software packages.
they still tend to be closely allied to the needs of firms in the service sector or to
the requirements of administrative functions in the manufacturing sectors.
However, this can be expected to change as demand increases among users in
other sectors where there are fewer software skills and technically more difficult
interface problems. Software suppliers will probably expand their activities to
meet these wider needsthey may even specialise in the software requirements
of particular sectors. Such a pattern of specialisation can, of course, already be
found in many sectors. For example, engineering firms in the developed
countries specialise at the sector and subsector level and are themselves playing
an increasingly important role in the processes of technical change and tech-
nology transfer.'4
I
The importance of software and the emergence of specialist suppliers will
affect Third-world efforts to acquire production systems incorporating the
microprocessor. In one sense it suggests that such specialisation is feasible for
certain less developed countries. It will depend, of course, on the nature of
existing programming skills and on the ability of Third-world firms to attract
and keep skilled personnel, given a worldwide shortage. If it can be done, and
if such a firm can specialise in software packages appropriate for use by other
less developed countries, there may be a comparative advantage because of the
relative cheapness of skilled labour. Some countries, eg India, Argentina, South
Korea, and Mexico, are already competing effectively at the international level
for engineering contracts on the basis of their cheap but highly skilled engineers."
The evidence, and the emphasis, in developed-country literature suggests
that a software capability, once developed, will become the linchpin around
which developing countries can build their ability to fully participate in the
microelectronic revolution, if and when the need arises. The extent to which
such a capability depends on a detailed knowledge of how to produce micro-
electronic components remains to be seen, but we doubt that it will be crucial.
The problem may be more one of attracting the initial foreign expertise needed
to assist in laying the groundwork and doing the planning for a programme of
capability development. There is currently a worldwide shortage of individuals
with experience of, and exposure to, the industrial use of microelectronics. This
is compounded by a lack of information on the best and most cost-effective way
that less developed countries could develop software capability.
The need for government intervention
In the developed economies, the pressure of market forces appears to have led
to increased software specialisation. Undoubtedly, this may lead to efficiency
improvements and cost reductions within the advanced industrial countries.
However, it is not at all clear that reliance on the market will be sufficient to
bring forth software capability in the developing countries. The market appears
to consistently undervalue the accumulation of local capabilities, because of the
likelihood of high private costs of this course of action.26 Local firmswhether
foreign or indigenously controlledwill perceive these high costs and will
probably rely on foreign software skills, even if suitable local skills are available.
-Government intervention in the local market, probably on an extensive and
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prolonged scala, will therefore be necessary to foster the development of a
software capability which is well integrated with the productive system.27
Neither can it be assumed that the market will operate optimally at the
international level if less developed countries are forced to acquire their software
inputs from suppliers in the developed economies. This, or course, is extremely
likely, since the lack of technical skills will present most Third-world user firms
from meeting their own software needs. For a number of obvious reasons this
will place the user in a highly disadvantageous position in the software market
vis-à-vis specialised software suppliers. Suppliers will be able to exploit the
quasimonopoly through a number of well-recognised channels such as mono-
polistic pricing and packaging.
Consequently, the governments of developing countries will probably need
to intervene in the international market, to maximise benefits from the
transaction. The objective of such intervention must be not only to minimise
the element of monopoly rent but also to ensure that the transfer itself con-
tributes to the development of local skills. It is not sufficient merely to obtain
the right sort of software package at a competitive pricethis sort of transfer
does little to provide the recipients with the technical knowledge necessary to
go on and produce further software. The emphasis must be placed on the full
participation of locals in the transfer, even if they acquire only a little software
capability.
The viability of accumulating capabilities around the software components,
or indeed, of any other strategy, can only be properly evaluated if the appro-
priate type and level of information is available. Major information-generating
exercises are required to ensure that policy makers in the less developed
countries have access to data on a variety of categories of information, eg the
nature of technical changes occurring in developed-country firms, the types of
technical capability involved in using and producing innovations using micro-
electronics, they orders of magnitude of the potential employment, and trade
effects of shifts in comparative advantage.
Given the complexity and immediacy of many of the problems facing the
Third world, it is perhaps no surprise that there has been no mad rush towards
research on the effects of microelectronicsparticularly when much better-
informed groups in the advanced industrial economies cannot even agree on the
rate and direction of changes to come. However, the magnitude of the potential
changes and the likelihood of their negative impact on the Third world suggest
that action is necessary. Discussion and analysis, similar to work done on the
developed countries, should be undertaken throughout the Third world and in
the relevant national and international agencies iii the advanced economies.
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ganizational boundaries, the inde-
pendent cons ultant may he able to
Ce s, .. 13
Geoctaoittry and ptroIcy isad
'. ith a HP2N)0 ioiricompoter.
Uol slty cd Viisconslri, Plattoville
'Platteville, WI 53818
Truck, frontend loader haulage In sur-




move within the organi.cation more
easily than an inside staff person to
collect necessary iiifomrnation. Also.
detachment from any manufacturer
should provide the client with an ob-
jectivity and a set ofrecommendations
as near optimal as feasible.
The principal disadvantages lie in
the area of continuity and acenunt-
ability. Once the consultant's report
has been submitted and his recom-
mendations implemented, a discon-
tinuity might occur. Also, if un-
plementation does not provide the
desired results, the consultant might
not be available to correct the situa-
tion or account for actions taken.
Proper selection of consultant ser-
vices, relative to kind and duration,
and the consultant's method of opera-
tion, will often prevent many of these
aftereffects.
Services Offered
The professional consultant can
help a client:
Define and sumtiarize informa-
tion systems t&.chnologv* needs;
Evaluate alternatives such as
in-house capability and capacity,
time-sharing, or service bureaus;
Prepare a formal request for
proposal (RFP) to be submitted to
vendors;
* Information systems technology con-
notes computers, telecommunications,
software, etc., as related to all functions
of a mining enterprise including those
involving process control.
W3 (3c) : ' .
Build/nO 25
Denver, CO cu?25
Predicts mineral cc cs, k
dnalysis storage syaiem, cJ rtfrc.
tion interpretation, map dijitiing a









Evaluate the economics of least
vs. purchase; and
Assist in the conversion and in-
stallation.
Thus, consulting services may
range from evaluating an existing sys-
tem and upgrading to a larger piece of




Regardless of circumstances, the
most valuable document required be-
fore equipment selection is the infor-
mation system plan (I/S plan). It helps
insure that the company s infurniatioij
needs are met in a cost-effective man
ncr. An I/S plan is usually a ctmpo.
itent of the mining company's ov,. rail
business goals. Since an 1/S plan is a
formal vehicle for establishing anti
communicating the direction the or-
ganization intends to take to satisf
information requirements needed to
achieve goals and objectives, most iuui-
tial svstenis services are lik&-lv to cen-
ter around creating such a document
or updating an existing document.
The trend toward company-wide
1/S planning is increasing in the miii-
ing industry; however, smaller scale
elThrts fcusc-cI at the information svs-
teins lit., to sIlj)port an i ol ividuual
Dr. Alfred Weiss is president of Mineral
Systems Inc., 300 Brood St., Stamford,
CI 06904.
',' E'.a'.rEUG 5.O.E.'5Es '53' ss
drvtttn or Jepaitnient are
tt ,tlwa ali'tiate!v covered by
it h a plan. The rapidly growing use
UI btarld-a!one minicomputers at the
i i crati rig d ivisii itt level ni ight be in-
(licative of local, site-specific re-
reticiits not adequately met by a
ccii tral tv-located it lair fran re.
Thus, services ofTtrecl by consul-
taints in selecting a minicomputer
oftcii consist of deriving a set of spec-
ifications from an individual operat-
ing divisional I/S plan.
Evaluate 1mplenientaton
Alternatives
Otice data processing needs have
been defined and sumniarized, alter-
natives for implementing the plan
must be considered. These altenta-
tives must be analyzed in ternnsofcost
vs. benefit, and should include the fol-
lowing considerations before a deci-




Time sharing mi-house vs. out-
side time sharing vendors; and
Accomplishing the work load by
service bureaus.
These considerations could prevent
duplication or excess capacity.
Minicomputers are an ipteitsely coot-
p 'titive market, and are be itig
squeezed by ever more powerful mi-
croprocessot-s. As a result, minis are
aggressively expiuidiitg upward into
the medium-sized mainframe realm.
Acquiring a m inic'oinputer must then
be carefully assessed in light of cur-
rent cajacity and downstream corn-
mitnients, including software ex-
penses or conversions.
Preparing the RFP
Once the decision is made to ac-
quire a minicomputer, the consultant
may assist in preparing the RFP and
subsequently evaluating the propos-
als. In fact, this may be one ofthe most
critical steps in the selection process
and where certain elements,oF the I/S
P1 must come into play. Defining
the system with the accompanying set
of specifications (Table 1) viil facili-
tate preparation of the purchase con-
tract, after the vendor has been
Table 1Sample Items to be Considered
for Incusion in Request for Proposal
Description of at! goods and seraices to be fur-
nished
Speciications of those goods and services
Accepunce lean
Tame oldecivery and scheduleof implementation
Acbos to b performed by ettnt
'H of un cu5d dSiays and other de-
!5
In addition to describing the
deliverablesboth hardware and
softwarecertain standards should
be established, as well as a method for
determining if each delivered item
meets these standards. Criteria for
evaluating not only the proposals hut
also the computer system should be
decided upon to insure that specifica-
tions are met and that their fulfillment
can be determined objectively and
unequivocally. The exercise of judg-
ment or discretion should not be
necessary to deterin inc acceptability.
For instance, some procure macnt
practices require actual performance
ofinstalled systems, on site, according
to the manu facti rer's technical spec-
ifications. Effectiveness levels should
beat least 0% for 30 consecutive days
and involve at least 100 hours of pro-
duction time.
Thus, preparing specifications and
acceptance test routines for minicom-
puter systems or software can be
laborious, expensive, and time con-
sliming. Nevertheless, these critical
elements are well worth considerable
effort, including the advice and in-
volvenient of an experienced consul-
tant.
Assistance in Implementation
In the minerals itidustrv, rnimiis are
often installed for process control;
there the contlputcr functions on-line
with a nietalliirgtcal process. Need-
less to say, whets a computer system
becomes a key part olthe client's op-
erations, and he must make lengthy
and elaborate preparations for its ji
oduction, normal remedies for de-
livery default are not likely to provide
adequate protection.
Once contract performance has
been underway for a significant
period of tune, the client usually can-
not attempt reprocuretnent elsewhere
because of long lead times. This is
especially true when default is not
discovered until the delivery date has
arrived. The receipt of money dam-
ages rarely compensates for the ex-
pense and inconvenience suffered,
many aspects of which are nut
measurable in dollars.
The consultant may help establish
meaningful concrete performance
milestones throuahout the itniplensen-





Protection against patent and copyright
Limitatons of Supptr' liability
Options
Durational agreenent
the compt.nter system. This enabl':
the client to spot key delivery failure,
(or puteritial failures) early, before hi,
bargaining power is weakened. Ht
can also take advantage of actual or
anticipatory contract breaches, de
pending on how the contract is writ-
ten. Designing and implementing
those milestones are very' important
items in the implementation stage, in-
cluding the contract negotiations with
and execution by the manufacturer.
These milestones, for instance, must
include receiving confirmations of de-
livery dates for major items procured
outside, successfully passing in-
process tests of critical elements, or
completing key design steps.
Operational warranties are prob-
ably even more important for
minicomputer systems than for ninny
other equipment items. Failures of
computer electronic components dur-
ing the initial startup period are more
common than for mechanical parts.
More significantly, many software
packages require considerable
modification and refinement because
of the great difficulty in designing and
debugging conipl icated prigranis. So
it is essential to secure proper wan-an-
ties on a system and to specify that
they remain in effect for a suitable
length of time.
Level of Expertise
Conti tin ity and accountability re-
quire that the client organizations
nitrite an individual within the com-
pany to act as a project leader. Dc
pending on the level of effort, a proj-
ect teanin or task force is usually the
most effective means for giving broad
participation as welt as support for the
I/S requirements study. Each team
member should represent a major or-
ganizational component. All team
members should be selected for their
broad perspective and understanding
of the business. They do not have to
have a detailed knowledge of corn-
puters or data processing. The Consul-
tant must provide this know-how to
the team.
The project leader is the key to iii-
suring that the study pnogt L'ses on
schedule amid accomplishes its objec-
tives. lIe is usually selected front one
of the major organizational coniprt-
nents included in the study. In acidi-
tion, he must possess the skill re-
quired to effectively communicate th
progress and the recotnme ndatiotns of
the team to top management. Some
companies may wish the consultant to
play this role, and under certain cir-
cumnstances this has worked; btnt it
usually is not recoulmendedl,
Developing an overall ti nic1e is Lit
big of the bus I ness CmtVi 11)1 It at
defining the I niftirtttatiiiti r'qlt t
!iiiser t'. j)IIiIi iptI
ti her the nietilt:et cud the
t(iifl. If the project tc'iin in-
jJe:s ieiibers who thoroughly un-
derstanci the functions of their respec-
tive organzaticiial components, un-
derstanding the business environ-
ment is facilitated. It is important that
the consultant and team members
share a common understanding of
business goals, objectives, organiza-
tional structure, and functions. A
series of orientation briefings for the
project team can accomplish this.
The expertise of the project team
Will c1ecnge as the project approaches
the R FP, evaluation, contract negoti a-
tion, and execution stages. More spe-
cific ally, in these stages a team should
i nelude, as a minimum, a financial
iepre centative, a purchasing agent, a
computer systems specialist/consul-
tant, and a contracting or legal expert.
ach specialist should be qualified to
deal with the unique subject of com-
puters. For example, the legal spe-
cialist should appreciate, at the very
least, the significance of these facts:
Systems, not merely machines,
are involved;
Acceptance tests should include
objective criteria that readily and
adequately reveal acceptability;
Computer use usually makes
management substantially more de-
pcndent on the continued operation
of the system than does practically any
other form of mechanization.
A consultant cail help management
select a qualified team and advise
iaanagement when to change the
ruiekeup of the team.
Evaluating the Process
Perhaps the most valuable role a
consnitat can play is to insure senior
management involvement and atten-
tion to activities of the project team.
Attention must be focused on specific
goals and steps toward these goals. As
a minimum, the consultant must in-
sure that management is provided
with a total project timetablefrom
definition of needs to RFP prepara-
tion, acquisition, and implementa-
tionand a budget. It should include
steps listed in Table 2.
Since the financial aspects of the
acquisition process should also be re-
viewed periodically, a budget should
he established at the outsetand re-
vised periodically as new data be-
come availableto reflect both the
cost of the acquisition activity and the
cost of utilizing the system.
Cost and Time Involved
Various methods are used to com-
pensate the consultant for his ser-
vices. Most consultants have estimat-
'.'.'3 ENOINEERING
hg plot cdiu rcs which are sufficiently
fi ible to adjust to the special cir-
etc icistances of any particular project,
dcpcndmg on type and length of ser-
vices required The following are
COlfllflOfl methods:
Per DiemComputer consul-
tant fees in the US now range between
$500--$900 per day. They apply to in-
termittent or occasional services. The
rate will depend on the type and loca-
tion of the work as well as the experi-
ence and qualifications of the consul-
tant. A senior consultant advising
senior management on minicomputer




Property and Project Evaluation
Ore Reserve Analysis and
Estimation - Geostatistics













cess control i rpnsc's i,it liny a
fee as high as $700 - ;e 10 o day.
Fixed Fec--In aces 1 in
scope of the work can be ly h.
fined and (he time reqc in; a; nt ii (I
incidental costs accurately estimated,
asingle fixed amount may be charged.
For instance, consulting fees to obtain
an I/S plan for a medium-size mining
division have required a total elapsed
time of up to six months Oh approx-
irntely 30 man days of consulting
time spent with the project team Av-
erage consulting fixed fees range be-
tween $20,000-$30,000.
RetainerIn cases ;hc-re the
- -J eL.LU.JJLs/Trj
Prokssonat





Systems Evaluation and Analysis




















CircLe No. 19 ott Else reoder serke ca,-d.
sE1 'E,.'
Ta 2_ rcsaiativ'3 Items to be Considered
- .- - ' ;.r C'S 'C' :ne S5?C'? IC 5.5 S5-j
. , -' :s'?t ra acon to SC USad
P-.- c' v-: i 'rn, 5ce? 31 5..5'5'S2.:',.;:
C I ,;.3 - tAt. ';,:'-:-c ,a?erircCe?ic
Ac? .-' fl cZ'?tC' ohSeg:
,ca1rn for Cd3'ce prora?nrning
- n crimr-I operaon and maintenance
De-,s, f n,'aCrS and ioftwarC
Starte'd cf aCceot3nCe test
Start of 5Q?StOfl of computer system
Etd ci parar?el cpes5ort of system or procedure being replaced
Eoujt,cn of CC5l of procurem5t effort
coiisitlti nr services for planning,
aL-(jiIisitiotI, and installation of
itt ifictlmptiter systems are required
ott tot intermittent or part-time basis
n-er a long period (one year or more),
or when a client wishes to have such
rvices avaital)le for immediate call,
it b common practice to charge a fixed
.rntount as a retainer on a monthly or
ether regular basis. The retainer may
he considered minimum conipensa-
turt for work up to a specified amount,
,,,0jj:]tfl
(1
David Van Cleave and David 1. Rome
Whether you buy your minicom-
puter from a manufacturer or another
vendor, the first thing you must do is
define your needs. With good plan-
ning, the initial cost svill be low and
Your return on investment will be
ittaxitnized over the long term. Irivolv-
iitg all members ofyour staff who will
he using the new computer in the
planning phase is also important.
Their participation will alleviate any
ptL'tttiai concerns they may have
altilt new equipment, and their
sitgi'stio us will provide valuable
it pitt for your specications. After you
dt-Iute your proposed system, survey
a tilable hardware arid software. The
sin vey will help you in the next step,
paration of specifications. The
s1ciflcutiotts, along with a quote re-
David Vcn Cleave is in the Marketing
Crtmnuntca Deportment and David
L Rome s a manager, industrial productmktity technical products division.
P ore wth Doto General, 4400 Corn-
C)' ,r., Westhoro, MA 01580
--
for a Timetable
with additional time to he charged at
agreed-upon rates.
Conclusion
A mine manager does not select
mining equipment without a mine
plan.--and he should not acquire a
minicomputer without an information
system plan. Selecting and acquiring
a computer system should not l,e del-
egated to subordinate financial, pro-
quest, are then sent to various mars-
ufacture rs.
Consider the Manufacturer
When selecting your minicomput-
er, one important Rein to consider is
the manufacturer. Remember, when
you buy a computer, you're also buy-
ing the services of a computer com-
pany. A firm that makes a commitment
to its customers and provides -a prod-
uct that is field tested before releasing
it for sale is preferable. Examine the
company's maintenance and support
packages, since every machine re-
quires preventive maintenance. Does
your manufacturer or original equip-
ment manufacturer (OEM) support
service sites in your area? Has their
service record been commendable?
Will they provide training for your
personnel and a supply of circuit
boards so you Cart retain a degree of
self-service atitononty? Three meth-
ods of buying a coniputer involve the
manufacturer, an OE\l, and the svs-
tems house.
Reference
CI Jb'/i.\ ¶:]j]1 m'
cur_-tiscrit. arid erigirtoeritig p N
net, v.ithout senicr rttattagers e\er_i-
log cttittrtl over the acquisition pr
cess. Yet the record indicates th1t
there have been serious, inexcusabh
failures to use normal business prac-
tices when acquiring computer
systemsespecially minicomputers.
These machines are increasi nglv at-
tractive as stand-alone computers at
the mine operating level and in sonic
instances are a key part of operations.
Remote operations and infrequent
need may not reql.tire in-house emit-
puter expertise. In these instances art
inclepetidetit, experienced consultant
can aid senior management in dc-
fitting an operatittgdivision's informa-
tion system needs, evaluating cultersia-
tives to meet them, arid, if required,
help prepare for acquisition and irn-
plernentation of a minieotnputer sys-
tem. 0 -
Kaas, L. M., 1979. "Planrnng for Mining nfrrnation Sys-
tems. Cortpurer .Mthods for the SOs ii the MThe-&
Industry, ed. by A. Weiss, AtffE, New VccK, pp t-14.
1.1
Buying direct front the manufac-
turer means you go straight to the
source, using no middleman. This
gives you maximum flexibility; you
can consider every alternative and
many possible combinations of coni-
puters, peripherals, and software ut til
you find exactly the right systeiti fin
you.
The OEM buys coteput - is ci I oct
from the manufacturer attd lniis
tlt&'iti into his own c lpt:h-E/d-d, ep.
chit purpose product, lie u.sual! stll
a complete package, md edin
software arid hardware, and oIe
noncompetitivc equipti cot as svell (a
scientific o engineering i nstrm t,en!,
for exatnple), designed fur the miiitiiriu
market. Because he offers a packaged
vroduet, the OEM can often charge
tess for the system than if you put the
pieces together yourself. In many
ways, the OEM also provides a
unique system. Audi while the O1 \
sells a packaged soluiit I, he aL'o nit
ally has tb speciti t'l,' thou. --
fleCcSSar tO II sb , 11-- svr
mel't\u': te' - 1 ft' - -





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































GENETIC ENGINEERING AND AGRICULTURE:








This paper is a brief summary of research conducted by a team at
Cornell University and explores the socioeconomic context of the
emergence of genetic engineering in agriculture. Principal emphasis
is placed on the structure of the biotechnology research industry and
on the organization of public and private agricultural research in
the U.S.A. Preliminary observations are also provided on the im-
pacts of biotechnologies in developing countries. The results sug-
gest that biotechnology has led to increased concentration and inte-
gration within the agricultural inputs industry and to pressures for
dramatic changes in the structure and functioning of the public agri-
cultural research system. It is pointed out that while biotechnol-
ogles promise to lead to major improvements in agriculture and indus-
try in low-income countries, there are major reasons for concern
about the impacts of these new technologies on developing nations.
INTRODUCTION
The past 30 years of basic research in molecular biology and related
disciplines have culminated in a recent corporate rush to exploit com-
mercially a variety of procedures and processes popularly called bio-
technology (BT). Both large multinationals and small venture capital
firms have already entered or are entering the field. Although BT
potentially has applications in all sectors of the economy where or-
ganic chemicals are extensively used, this paper will discuss their
current status in agriculture only. We will omit other routinized
and traditional technologies (e.g., traditional plant breeding) be-
cause such technologies, though indispensable, are revolutionary only
in combination with the new BT.
BT applications will become increasingly influential in agricultural
production. This paper will also examine BT's influence on the major
institutions, related to agriculture: the land-grant universities and
agricultural input companies. Though the focus of the paper is lar-
gely on the U.S., the potential impact of BT on the less developed
countries is also examined.
It should be emphasized, however, that BT is not being developed only
for agricultural applications. On the contrary, the most important
current research isin pharmaceutical and chemical' processe, aitIi'ugh
iFrfs of these into agricuItuIbTEV[th research conducted
specifically for agricultural applications will be increasingly impor-
tant. BT for agriculture is being explored by companies of all types,
many of which are not traditional agribusiness firms. This technology
could even make farming as practiced today obsolete through the hydro-
ponic cultivation of vegetables and the development of single cell
protein cultures which could eventually replace meat or soybeans as a
cattle feed. BT may make agriculture more productive by making agri-
culture, in effect, a branch of nonf arm industry. More importantly,
the logic of the development of these new production processes will
not be determined by farmers and, perhaps, may even exclude the smal-
ler agribusiness firms. The determining influence will no doubt be
the large multinational corporations (MNCs). These firms will be in
the best position to control the allocation of capital to BT research
and to the ongoing and future production of BT substances. For the
foreseeable future, the course of BT development will be largely
shaped by these firms' (and, as we will see below, their venture cap-
ital firm partners' and seed company subsidiaries')industrial and
marketing strategies.
THE STRUCTURE OF 'rilE BIOTECHNOLOGY RESEARCH INDUSTRY
BT research companies can be divided into two major groups. The
first are those that do only BT research and which are typically small
firms with less than 300 employees; were recently founded--usually in
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the last four years--by venture capitalists; and have one or more
senior researchers from a major university. The other type of company
is typically a Fortune 500 firm; produces many products, including ag-
ricultural inputs; and believes that the company must have a broad
presence in the BT field. The interrelationships between these two
/
types of companies are quite complex. The small companies depend upon
// the larger ones for financing, and, in turn, the larger ones, due to
\/ institutional constraints, find the small ones very useful for gener-
1 sting research breakthroughs. Whether this symbiotic relationship
will continue is unpredictable, since there is obvious potential, al-
ready partially realized, for the large companies to acquire the smal-
ler ones.
The Venture Capital Firm Sector
The most prominent venture capital companies engaged in agricultural
research applications are Agrigenetics, the International Plant Res-
earch Institute (IPRI), DNA Plant Technologies, Advanced Genetics
Sciences Ltd., Molecular Genetics, and Cetus (as well as Genetic En-
gineering Co. for animal applications). The reason that "venture cap-
ital" is so crucial in private BT R&D is the relatively high costs of
starting a laboratory. Estimates for starting a small laboratory with
about 12 scientists and associated support staff are about $6-7 mil-
lion. The "critical mass" necessary to establish a viable firm is es-
timated to be about 25 Ph.D.s and would require $l0-12 million of in-
vestment capital: (1). Scientists obviously do not have this amount of
capital and therefore require outside investors. Consequently, the
substantial start-up costs of BT R&D ensure that only those persons or
firms able to provide substantial amounts of capital can enter the
field. Claims that these companies are small independent entrepren-
eurs must therefore be tempered by the fact that venture capitalist
investors are usually persons with large amounts of investable capital.
In many cases, a major share of the small venture capital firm is
Iowned
by one of the large Fortune 500 firms. For examp1e, Agrigenet-
ics has received investment from the Ford and Rothschild families.
Venture capital firm survival depends upon outside support but pre-
cise information regarding the levels of support is proprietary and
largely unavailable. A summary of basic data on certain of these
firms is given in Table 1.
Agrochemical and Seed Firms
The list of companies with major investments in BT reads lile a com-
pendium of the leaders in the agrochcmicals field: Allied, American
Cyanamid, Chevron, Ciba-Geigy, Dow Chemical, DuPont, Eli Lilly, Mon-
santo, Pfizer, Sandoz, and Occidental. Petroleum. The petrochemical
and pharmaceutical industries have long had considerable agricultural
interests via the markets for fertilizers, pesticides, and herbicides.
Worldwide sales for the latter two product groups alone totaled $11.5
billion in 1980. However, a recent development in the inputs. indus-
try has been the steady acquisition of seed companies by these multi-
national giants (see Table 2).
Such acquisitions were initially independent of considerations rela-
ting to bioengineering, though a few far-sighted corporate planners
may have perceived the potentials of the new technology. The agro-
chemical and seed industries have always had close relations. Seeds-
men, with their more valuable crops, use fertilizers, pesticides, and
fungicides in the production process with greater intensity than does
the average farmer. Moreover, fungicides, sterilants, and disinfect-
ants are standard components of seed processing. Particular types of
fertilizers and chemicals are crop- and even variety-specific in terms
of compatibility. Chemicals have been seen as solutions to problems
that were regarded as insoluble by plant breeders. For example,
growth regulators have been developed for purposes such as the stim-
ulation of latex flow, and other chemicals function as pollen steri-
lants (2).
Over the decad& of the l970s, a number of factors have combined to
make full integration of the inputs industry logical, profitable, and
even necessary. A principal vector of change was passage of the Plant
Varieties Protection Act .(PVPA) in 1970. Galvanized by the example of
hybrid corn, seed companies had long been pushing for institutional-
ization of "breeders rights," as had been achieved in Europe in 1961.
Passage of the PVPA gave patent-like protection to newly developed
plant varieties. This raised the opportunity of attaining handsome
profits on the order of the 26.7 percent return to equity that Pioneer
had been able to achieve on the basis of its naturally protected hy-
brid corn lines (3). A second factor generating interest in seed
company acquisition was the rapid rise in grain prices early in the
last decade and the accompanying anticipation of prolonged world food
shortages. The prospective combination of enlarged demand and healthy
profits from proprietary plant varieties was undoubtedly very entic-
ing.
While many purchases of seed companies had already been made for these
reasons, the rapid growth of the BT movement after 1976 reinforced the
acquisition trend. BT introduced the possibility of vastly more ef-
ficient breeding methods in the short run and fully engineered plants
in the long run. The new technology has ramificati9ns for the entire
range of agricultural products manufactured by the agrochemical cor-
porations. Not only does BT promise improved chemical products and
more efficient pro4uction methods (biorational control, production of
chemicals through fermentation processes, nitrogen-fixing bacteria,
growth regulators, etc.), it also holds out the possibility of design-
ing plants in such a way that they are complemented by selected chem-
icals or organisms.
The broad range of areas over which BT is relevant in agriculture, and
L
4 4 __j% - ' _\
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its potentially enormous impact, force the large companies to hedge
their bets by pursuing areas which may in fact prove damaging to cur-
rent markets. There will be vicious competition as new bioengineered
products come on line. Thus, research into nitrogen-fixing microor-
ganisms will continue despite the fact that substantial achievements
in this area could devastate fertilizer sales. Similarly, biologic
pest control measures are being investigated along with more tradi-
tional chemical measures. The outcome of any particular line of re-
search is highly uncertain at present. Complicating matters is what
is perceived by the chemical industry as a highly restrictive and un-
stable regulatory environment. While initiated by the PVPA and the
worldwide food situation, integration within the agricultural inputs
industry is to be understood as a movement toward diversity and flex-
ibility through investment in a group of industries with high syner-
gistic potential in research, marketing, and distribution.
Concerns have been raised as to the effect of acquisitions by the
large multinationals on the structure of the seed industry itself.
Concentration in the seed industry is a difficult issue to address,
partly because little market information is available, but moreso be-
cause of crop differences. In hybrid corn, which constitutes about a
quarter of U.S. seed sales, Pioneer has a clear lead with about 35
percent of the market. DeKalb follows with 12 percent. Funk (Ciba-
Geigy), Northrup King (Sandoz), Trojan (Pfizer), PAG (Cargill), and
Golden Harvest together have 17 percent of the market, and the resid-
ual is accounted for by 200 small companies servicing localized areas.
The situation is quite variable with regard to all other crops. Pio-
neer (10 percent) and DeKaib (25 percent) lead in sorghum, but market
shares are more or less evenly or geographically distributed. Signif-
icantly, f or those important crops for which it has not been possible
to develop hybrids (wheat, cotton, soybeans), farmers themselves pro-
duce and market a large proportion of seeds.
The seed industry is highly competitive, and farmers tend not to show
brand loyalty, but rather follow yield potential in choosing seed.
Any introduction offering significantly higher yields than current of-
ferings can be expected to alter industry structure radically. Pio-
neer has established and maintained its position in seed corn with an
extensive and sophisticated research program. R&D at Pioneer has in-
creased at 17.5 percent annually since 1975. Recognizing the chal-
lenge of UT, their new Microbial Genetics Divisionwastobecomeopera-
tional in 1982. The company already markets several products relating
to biological nitrogen fixation. While DeKaib has recently increased
its emphasis on R&D and has a small investment in Bethesda Research
Laboratory, its market share has been slipping. This may have been a
factor in convincing DeKaib to join in a research venture with Pfizer
Genetics. Pioneer and DeKaib will certainly face stiff competition in
the seed corn market once BT matures sufficiently to allow efficient
selection for breeding and, much later, should fully engineered plants
14i.. Th..4...4.....1 4..,.......1..1A A .4.... iF
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The role of PVPA in sanctioning and encouraging private breeding can
hardly be overestimated. Prior to the passage of the PVPA, public
varieties dominated pure-line crops, and private companies did little
more than see to production and marketing of seed. Unprotected var-
ieties carried very low profit margins, for if the price vent too high
the farmer simply saved and replanted from his crop. Seed prices,
even of superior varieties, could therefore never deviate far from
bulk grain prices. Moreover, there was nothing to stop any grower
from reproducing and selling an unprotected variety. The solution to
both problems is, of course, hybridization. But hybridization has
proven elusive in some of the most potentially lucrative crops--hence
the PVPA. Proponents of the PVPA argued that its passage would stim-
ulate private breeding; this it has unquestionably done. Private com-
panies have flooded the Plant Variety Protection Office with applica-
tions. Between 1970 and 1980, 632 certificates of protection were is-
sued. Of these only 13 percent were issued to public breeders (4).
Research has centered on wheat, soybeans, and cotton. As of May 1980,
over 200 certificated were issued for soybeans and 109 and 94 for
wheat and corn, respectively. It is quite possible that private com-
panies simply protect every new variety, whether it enters commercial
production or not, so that any subsequent use, in the market or as a
parent line for a further variety, will generate royalties. Companies
have not been shy about protecting their rights under PVPA. Several
cases have gone to litigation, though a letter from a seed company
lawyer to the farmer in violation is generally sufficient to ensure
compliance.
The reasons for corporate expansion into agricultural input markets
are obvious: Even in the present world economic slump, farm chemicals
and seeds continue to return high profits. For example, in the first
half of 1982, Monsanto's agricultural products were the only operation
to gain In sales and operating profits (5). Similarly good earnings
prospects are true in other. agricultural chemical markets, except fer-
tiliers. Finally, Pioneer's impressive profit margins are an ex-
tremely powerful inducement to entry into the seed industry. The PVPA.
Lt 80
companies with large parent firms behind them. Such companies can be
expected to gain market share. Unable to compete with the R&D expend-
itures of the "deep pocket" multinationals and the majors, the small
companies will either disappear or, as is more likely, be absorbed by
larger firms desiring entry.
Critical to the conmercialization of BT in agriculture is a firm's
plant breeding capacity. This the large petrochemicals and pharma-
ceuticals have achieved via their acquisition of seed companies. For
example, the Joseph Rarris Seed Company in 1979 provided Celanese with
the Carl L. Warren Laboratory and a cadre of 30 experienced research-
ers. Seed companies, and by extension their multinational parents,
are capable of setting their own breeding agendas according to their
own criteria. I
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in providing patent-like protection for plant varieties (with no regu-
latory delays f or approval), has provided a strong incentive for large
firms to enter what is presently and will likely continue to be a luc-
rative industry. Moreover, BT holds forth the promise of developing
varieties not suitable for hybridization that are reproductively un-
stable, which has made the seed industry all the more attractive for
large-scale private investment. These factors will no doubt combine
to lead to a fundamental transformation of the US. seed industry.
The predominant firms in this industry will increasingly be subsidiar-
ies of large petrochemical and pharmaceutical IINCs, and the principal
features of industrial strategy will be to take advantage of the new
opportunities afforded by legal changes and BT breakthroughs and to
integrate seed production with existing agrochemical product lines.
THE CHANGING ROLE OF AGRICULTURAL RESEARCH
The potentially determinate relationship between the seed and agricul-
tural production processes which is emerging from BT advances makes
control over plant breeding an item of paramount importance. Yet this
is the very area in which public agricultural research agencies enjoy
a measure of preeminence vis--vis private industry. In the U.S., pri-
vate industry achieved a major precondition for the effacement of pub-
lic research in 1970 with the passage of the PVPA (the European coun-
terpart of which occurred much earlier). Since that time seed compan-
ies have been attempting to redefine the role that is played by the
public breeder (6). BT renders the need to circumscribe public breed-
ing activities yet more urgent, for the seed is now the gateway to con-
trol over the production process as a whole. Industry would like to
see tee activities of the public sector confined exclusively to those
areas not attractive to private investment: education and training,
the evaluation and development of germplasm, and basic research. Ap-
plied research, by which is meant the release of finished commercial-
izeable varieties, is explicitly seen to be the responsibility of the
private sector. For example, the USDA'S Agricultural Research Service
has made disengagement from applied breeding one of its institutional
objectives.
Public institutions face declining state and federal aid for plant
breeding research. They are finding it increasingly difficult to re-
cruit and retain staff and to keep operating funds at a reasonable lev-
el. Several state programs have already shifted their focus from var-
ietal development to germplasm development and population improvement,
and a general trend to enhanced cooperation with corporate breeding is
evident (7). With some 56 private companies currently constituting
the National Council of Commercial Plant Breeders, the land-grant un-
iversities (LCUs) are under continuous pressure to abandon those areas
of research which can profitably be undertaken by private enterprise.
A similar trend can be observed with regard to the international agri-
cultural research centers.
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For all its promise, BT is as yet an embryonic technology. The out-
come of any one line of research is highly uncertain, and while pro-
gress is being made daily there are yet many fundamental problems to
be overcome and much research to be undertaken before extensive com-
mercialization of "engineered" products can be realized (8). The con-
crete imperative of profitability makes absorption of expensive and
indeterminate basic research costs by government a desirable option
from the corporate point of view. Yet the present structure of the
USDA and LOU system is not geared to the efficien pursuit of the new
lines of research which advances in biological knowledge have opened
up. It is to this constraint that the corporations and their insti-
tutional allies have turned.
The Rockefeller Foundation and the White Rouse Office of Science and
Technology Policy (OSTP) recently issued a joint report bluntly in-
dicting the USDA for its parochialism, bureaucratic rigidity, regional
geopolitics, and inability to identify research areas of critical im-
portance (especially BT). A substantial portion of the problem is at-
tributed to the dispersed and decentralized nature of the Agricultural
Research Service and to the lack of control over block grants which
support research in the LOSs and associated state agricultural exper-
iment stations. The report recommends a restructuring of the Ameri-
can agricultural research System. The principal features of this re-
alignment would be the consolidation of ARS stations and programs, a
concentration on basic "cutting-edge" research, and the expansion of
the currently modest competitive grants program (9). Implementation
of the recommendations could well result in a transformed LGU system
that is increasingly replaced by a structure based on a "project-fund-
ing" model of highly centralized research facilities in a few loca-
tions. The Rockefeiler/OSTP report (10) asserted that
(p]rivate sector expertise should be fully utilized in efforts
by the public sector to identify future research needs, estimate
future demand for scientific and technical manpower, and define
appropriate, complementary roles and responsibilities f or the
various sectors and institutions involved in science for agri-.
culture. Mechanisms should be developed for strengthening the
linkages between the findings of basic and applied research per-
formed in the public sector and their development and commercial-
ization in industry.
Stimulated by the revolutionary potential of ET, the very role of the
public research system in the U.S. (and perhaps in the international
agricultural research centers) is being transformed.
Perhaps one of the more fundamental impacts of BT on university-based
agricultural research will occur outside of the LOU system. What, in
fact, prompted the Rockefeller/OSTP conference was the perception that
the public agricultural research facilities of the U.S. were lagging
in the exploration of UT research. It is generally recognized that
the LOUs are not prominent among the leading universities In th h4
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sciences of molecular and cellular biology. Accordingly, many firms
with BT investments related to agriculture (e.g., Monsanto) are direct-
ing their investments outside the public agricultural research system
and to prestigious private, non-LCU universities. If the structural
reforms advocated by. the Rockefeller/OSTP group are not implemented,
the basic thrust of cutting-edge BT research may continue to shift
away from the LGSs and toward prestigious private universities such as
Harvard University, Rockefeller University, and MIT.
POTENTIAL EFFECTS OF BIOTECHNOLOGIES ON LESS DEVELOPED COUNTRIES
As emphasized earlier, the structure of the agricultural inputs indus-
tries in developed countries is undergoing increased concentration and
centralization under the aegis of large petrochemical and pharmaceuti-
cal MNCs. However, it is important to recognize that BT is a global
technology, and the Third World is a vast potential market. There
have been several promising discussions of high priority applications
of BT to agriculture and nonfarm industry in low-income countries
(10). There is agreement that BT's potentials for agricultural and
industrial productivity improvements and f or improving living standards
are as great or greater in Third World countries than they are in the
developed regions of the globe.
Amidst the otherwise promising potentials of BT in low-income coun-
tries, one must also recognize that these improvements in agriculture
and industry will be accompanied by strains and dislocations, both
economic.and social. For example, the development of the techniques
of BT has heightened conflicts between industrial and less developed
countries over access to and control over gertnplasm resources. BT
processes threaten to undermine export markets for raw materials (e.g.,
derivatives of the opium poppy and pyrethreums, sugar). Finally, the
tremendous expense, technological sophistication, and proprietary
nature of BT may, at least for some time, reinforce the technical
dependence of Third World countries on industrial ones.
We will comment first on the debate over genetic diversity which has
become prominent in the media recently. It is widely recognized that
the successful transfer of high-yielding commercial crop varieties to
Third World agriculturalists comes at a significant cost: High-yield-
ing varieties displace traditional varieties and reinforce monocultur-
al practices, thereby resulting in the essentially irreversible loss
of the genetic information contained in traditional varieties. The
result iC a "genetic tragedy of the commons." Seed companies face
contradictory firm- and industry-level imperatives: Individual seed
companies must extend their marketing network to all corners of the
globe, but the aggregate consequence of individual firms' strategies
is to destroy the germplasm resources that the industry requires to
develop new, more productive varieties. Although many seed comp3nics
have gertnp]asm banks, it has become increasingly annarent that tlio
t 8 L
tutions, both national and international. Contrary to many popular-
ized arguments, seed companies are not intent on destroying gerinp].asm
resources; though individual firms' strategies to expand sales do ex-
acerbate the genetic tragedy of the commons, seed companies and their
trade associations have, in fact, been active advocates of greatly in-
creased public national and international funding of germplasm col-
lections.
There has been an increasing awareness among low-income countries of
the value of their genetic resources and of the asymmetry of the flows
of novel germplasm between the developed and underdeveloped countries.
U.S. and European seed companies depend upon the genetic resources of
low-Income countries and hope to be able to continue to "import" use-
ful genetic material from these countries without "interference." How-
ever, commercial varieties that are sold to agriculturalists in low-
income countries are proprietary and increasingly subject to interna-
tional legal strictures that protect "breeders' rights." For example,
the incorporation of an Ethiopian barley gene containing.striped rust
resistance into U.S. barley varieties has saved U.S. farmers an estim-
ated $150 million annually (11). Ethiopia, however, has not shared in
the benefits from striped rust resistance. Accordingly, an increasing
number of developing countries are now forbidding the export of germ-
plasm because of its economic value. This trend will certainly accel-
erate as plant patenting legislation and BTs are used to incorporate
genetic information into new seeds. Developing countries will increas-
ingly find themselves buying from foreign firms the proprietary seeds
which contain genetic information originating in their own countries.
A second set of dislocating effects of BT in developing countries will
likely occur as a result of tissue culture technologies which allow
the production of commercially valuable secondary metabolites by in-
dustrial fermentation processes. For example, Plant Science Ltd.
(England) is examining the commercial possibilities of producing the
active ingredients of the opium poppy, digitalis, cinchona, and gin-
seng by fermentation. Other companies are already examining compar-
able processes for pyrethrums. Opium, cinchona, and pyrethrums are
topical crops, and are produced in tropical developing countries. The
supplanting of these crops by tissue culture-derived materials could
adversely affect several developing countries. Parallel innovations
in the production of substitutes for sugar have already contributed to
a virtual depression in the world sugar market. Yet another tropical
commodity that may be amenable to biotechnological manipulation is
palm oil, which may be convertible to cocoa oil through the use of
genetically engineered bacteria. The unfortunate implication for dev-
eloping countries is that BT innovations in the production of indus-
trial chemicals and pharmaceuticals heretofore derived from agricul-
tural raw materials could undermine developing countries' export mar-
kets before BT's benefits will be realized in agriculture and nonf arm
I iid list rv.
At the same time, it is important to emphasize that BT offers tremen-
dous potential benefits to tropical Third World countries with their
abundance of water and year-around sunshine. For example, Brazil's
program for converting sugar cane (and other feedstocks) into ethanol
could be greatly aided by the development of more efficient bacteria
f or fermentation. Plants genetically engineered for stress tolerance
could transform marginal agroeco].ogical zones into productive agricul-
tural land, thereby providing increased food supplies for the malnour-
ished. Of course, these benefits will be greater to the degree that
the R&D is performed by developing country scientists and the inputs
are manufactured by developing country enterprises. Unfortunately,
the prognosis for Third World autonomy in the setting of R&D prior-
ities and the manufacturing of BT-related commodities is gloomy.
There is a certain irony in the fact that Third World agricultural
(and industrial) R&D capacity had begun to approach parity with that
of the developed industrial countries in the mid-1970s, only to have
these R&D disparities sharply widen again over the past decade due to
BT and other high-technology breakthroughs. We feel that foreign as-
sistance efforts of the US. and other developed countries should be-
gin to place a high priority on the transfer of BT R&D capacity to
developing countries so that they can enjoy the full benefits of this
pathbreaking set of technologies.
CONCLUSION
BT has sparked, and been sparked by, international. R&D competition
among both large and small firms, competition that over the next 20
years will fundamentally transform agricultural production. While the
broad outlines of this transformation are becoming clearer, man of the
specific forces that viii affect agriculture will be the direct or in-
direct results of industrial strategies among venture capitai/MNC/seed
company "triads" as these strategies evolve over the next several
years.
Most observers of agricultural BT have tended to focus their atten-
tion on research breakthroughs occurring n the venture capital sector
of the BT industry. These research breakthroughs will undoubtedly
have a general determinate influence on change in agricultural organi-
zation and the structure of agriculturally-related institutions. How-
ever, we feel that one can overexaggerate the role of the venture cap-
ital sector. The major force that will shape the coumercialization of
agricultural BT is the articulation of these technologies with the
product lines and marketing strategies of seed companies and their
multinational parent enterprises (with, the exception of Pioneer). The
seed is the biological and commercial nexus of most efforts to geneti-
cally engineer plants. Any breakthrough is f or nought commercially if
the seed (and related commodities such as innoculants) cannot be mar
keted to the farmer. The heightened pace of petrochemical and phar-
maceutical company acquisitions of seed companies over the past decade
has been. in nart-. f1- -'-J- --,-.- -. - - -
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opportunities it affords. More specifically, seed companies provide
agrochemical firms with the in-place marketing network (and sometimes
the R&D infrastructure) to make genetic and cellular manipulative
technologies a commercial reality. The genetic material represented
in seeds viii. no doubt become increasingly amenable to "reprogramming"
to optimize a specific bundle of biological and chemical inputs. This
optimization will allowan input firm to sell a complete agricultural
"package" to the farmer. In theory, both the farmer and the input
firm should benefitthe farmer achieving higher yields at reduced
costs, and the company securing a higher sales volume from sale of the
package and higher profit rates by capturing part of the yield increase
in the price of the seed.
The thrust of technological and socioeconomic change in agriculture
will be decreasingly shaped by the research priorities of public agri-
cultural research institutions, in our view. This will not necessarily
be because these public institutions lack the research capability. In-
stead, plant breeding has become privately profitable and attractive
for large-scale capital investments, and the nature of "finished var-
ieties" will be shaped primarily in private rather than public labor-
atories. Correspondingly, public plant breeding is being increasingly
relegated to "basic" (noncommercializeable) research and to the col-
lection and evaluation of germplasm for private breeders. The demise
of public varietal development is by no means complete. But even if
private firms are not entirely successful in implementing their image
of the desirable division of labor between public andprivate breeling,
the high capital intensity of BT-related plant breeding will, render
public breeding technologically antiquated via-I-vie its more adequat-
ely funded counterpart in the private sector. University plant breed-
ing laboratories will probably depend more and more on private research
grants from petrochemical-seed enterprises, giving private breeders
additional leverage over the content of public breeding research.
While this paper has been largely focused on the socioeconomic trans-
formations induced by ET, it should be apparent that the petrochemical-
seed firms are actively positioning themselves for entry into new mar-
kets that BT will create in the larger world economy. These world
scale markets include (but of course are not limited to) developing
countries. Nevertheless, BT R&D is underway on a global scale, and
no company can afford to operate only in its home country. Plant var-
iety protection legislation and agreements and germplasm collection
are important components of this process and are also being globallzed.
BT promises great benefits and significant pitfalls for developing
countries and their agriculturalists. On the positive side, improve-
ments in the speed and efficiency of gerutplasm evaluation and of the
techniques for genetic alteration of plants open up vast new avenues
f or crop improvement. In particular, the ability to breed for stress
tolerance will make it possible for new varieties to be, adapted to
marginal soils, extremes of t.14mI' '
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gical conditions. In more favorable agroecological zones, BT innova-
tions in crop improvement can enhance existing efforts at multiple-
cropping and prevention of pre- and postharvest losses. Yet biotech-
nology could have some very negative implications for various agricul-
turalists. We have discussed the adverse circumstances relating to
the asymmetry of gerinpiasm-variety flows, the threats to agricultural
export markets, and the reinforcement of Third World technological in-
feriority in agriculturally-related R&D. BT holds enormous promise
for a more productive and efficient agriculture. But it may also lead
to an increasingly concentrated and centralized farm system. Will
this new agriculture accelerate the demise of the small farmer? Will
the current concerns regarding monoculture and genetic diversity be
exacerbated? BT has put mankind on the threshhold of a new era in the
use of our natural-biological resources. But with this power and
potentiality come new responsibilities of ensuring that the benefits
do not outweigh the cos ts.
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Table 2. Multinational Corporation., Product Lines, and Seed Company
Sub.idiaries.*
Multinational
Parent Primary Products Seed Subsidiaries





Sluis en Groot (Math.)
Shell (U1(/Neth.) oil, chemical. International Plant Breeders
(UK); Companie General de Semil-
isa (SF); Rothwell Group (UK);
Interseeds (Neth.); IPS Japan
(Japan); Nickerson F. Gmbh (W.
Car.); Zwaan (Math. & Rd.)
North American Plant Breeders
(U.S.A.; with Olin Chemical)
CIBA-Geigy
(Swita.)
Celanese textiles, Ceipri]. (U.S.A.)
(U.S.A.) chemicals Moran (U.S.A.)
Joseph Harris (U.S.A.)
Nugrain




Occidental oil, petrochem- Ring Around Products (U.S.A.)
Petroleum (U.S.A.) icals Excel Hybrid (U.S.A.)
Missouri (U.S.A.)
Moss (U.S.A.)
*These data are presented for illustrative purposes only, and their
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AOne of the world's most automated factories combining CNC machine tools and robots for the
manufacture of robots. Source: Fujitsu Faruc
B Production line assemblying electronic watches by labour-intensive meth.r S1urce: Hong
Kong Government Office
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Technology and the Nerth.South dlvlloø of luOout
Juan F. Rada
Historically, too little attention has beer, paid to the impact of radical
techmcal change on development strategies. In the current context ot
slow rates of economic growth, electronics based innovations are having a
maior Impact on these atrategiee. particularly with respect to the
international division of labour. The importance of considering dynamic
technical change 'a Illustrated by referenceto thesemlconductor Industry
where there appears to be astrong trend towards reducing the induatrijs
dependence upon ot$shore assembly In developing countries.
Sam, though an thwilng aomeredv. advantage
Gerard IC Boon
Automation Induced by microelectronic technological change will ensure
that a few Northern countrieawtticfl heve a teed on The basis of R and D,
practical applications and faster diffusion, will haveacomperathe advantage
vis-&'vis the reel of theworld torsom,tim.to come. This will push the rest
of the Northand even more so the SouthInto a dependency relationi
Differences among areas and countries in the speed and direction of
diffusion provide a basis for international trade, since It implies difference.
in absolute and comparative advantage Given the pattern of output-
specialisation, trade will remair,atrong within the North, within the South
and between th, two hemispheres. Nevertheless, theoverall dependency
of the South vis.'vis the North will increase,
Electronics and indisetriet development
Ernest Braun
Electronics related technologies are becoming so central to industrial
development that marry developing countries are tempted to make them
the Cornerston, of thaw futurestrategies. as th. steel industry was in th
postrdecolonisation era, However, it is important to distinguish between
the different subsectors of the industry. In some, for example
semiconductors, the innoyatlonof automated technologies looks likely to
erode the established comparative advantage of developing countriel
with low wage costs. In other sectors, such as consumer electronic,, the
signs look more hopefut Thehigh coats( bothrrionetary and skilled labour)
of entering the Industry caution against misplaced strategies which
emphasise the expansion of' inappropriate sub'sectors in developing
countries.
Tb. MIen electronics Induitry baits to the futuv
JerefYr Clarke and Vincent Cable
In recent years, the electrnnic* industries in some Idcs have becom a
focus of attention, due to. their success in creating employment arid
promoting exports. This s,ticl,aaaesaeathefutureottheAsian electronics
Industry, distinguishing the early entrants, such as South Korea. Taiwan,
Hong Kong and Singapore; fran'. the latecomera, such as Malaysia, the
Philippines, Indonesia and Sri Lanka The former group has een able to
develop a relatively independent induitry, both with regard to 'rnatural
consumer goods industries and In relation tO components. The new
entrants, by contrast. remain heavily dependent upon Mf4C investment
and technology. Thre, factors affect the future of the industrydomestic
markets, protectionism and technical change Alter asseasing each of
these factors, the articleconcludas.on a rather pessimieticnots, but points
to the potential for greater inh'a"Third World trade
Mloroel.ctronlca and the garment Industlic not yet a perfect fIt
Kurt Holtmanenri Howard Rust
The garments sector is a majoracurceof exportsand employment in many
tdcs, If automated technology were to become available, Comparative
advantage might revert to the developed countries. This is lent further
importance by the fact that thebesic technology is similar to that used in
the shoe and leather Industria, which are also maior sources ot ldc
exports. (3arment technology has remainedremarkably static aver the last
century and there have beenfswtechnological barriers to new entrants to
the industry. However, the introduction of microelectronics technology is
beginning to affect this and th.advsntagee of lcwwage costs are beginning
to be undermined This article warns that emerging microelectromca,
technologies may erode the comDa,ative advantages ot developing
cou if nsa which fail to adiustto Ito changing technologicel environment.
7çx:
Notes on contributors SUMMARY
Electronics and the technology gapthe case of numerically contralled
macten. tools
Staffs,, Jacobsson
Th article is concerned with the introcjjction 01 electronic control devices
('numerical controls) in machine tools. This has provided substantial
beneths to firms in that it cause both capita) and labour, improves product
quality and reduces the time required to bring new products Onto the
market Whilst the.eataantages may appearto beneft developed countries
disproportionately, the most significant bencH conferred probably in
relation to the saving at skilled labour. Since skilled labour is the major
element in the developed countrie comparatree advantage, it is likely
that theditfusiorr 01 these machine tools wit) movecomparatrveadventage
in favour otthenewty iridustriaksing countrie.)MlCa). However, thearticle
concludes with the warning that advances in automation technology will
probably reduce this temporary shift
Is there a skill constraint In the dIffusion of mfcroelecUnlc.?
Raphael Kaplinsky
The primary concern of this contribution is to determinewflether th. skills
required to use microelsctronies.related innovations are a constraint to
developing countries adopting thee. technologies. Based upon a case
study of th. computeraided design sector (which is growing very rapidly
and provides substantial benefits to innovating firma), the cOncluaion is
that, while the technology is often easier to use, the close relationship
required between different users and between users and suppliers, makes
it likely that tIle technology will be mare appropriate to the operating
environments of developed countries.
The Ull coein. tot computIng development
JWian I.. Boged
If developing countries lack espertisein theutilisati000f computers, some
developed countries such as the UI may be able to provide aid in this
sector The UK Council tar Development, consisting at representatives
from academia, government and industry, was set up for this reason. The
article offers a statement of its views, its aine and its intent
RESUME N
La leenologie y Ia divisiOn del b'sbsjo entre a) norte y a) sur
Juan F. Rada
Desde Cl punto Os vista historico apenss as ha prestado atenciOn a las
repercusiones de los cambios tflCnicca radicals, en las eetrategias del
desarrollo, En el confexto actual a. ajos ridices do crecimiento
econOmico, las innovaciones basaces an a electr&iica asIan teniendo
importsntes consecuencias sobre esces estralagias, especialmente en
relaciOn con Ia divisiOn inte,nscional del rsbaio. S. ilustra Is irnportancia
de considersr a) cambio titcnico din&mico con ref erenciaa Ia industria de
semiconductores dende parece obssrvsrae una fuerte tendencia hacis Is
reducciOn de Ia depondencia de Ia industra en el montajeextefior en los
paisec en vlas do desarrollo.
Atgunss Ideas aoisns I. catnifhint. vents). comparstiva
Gerard K. Boco
La autom&lizaciOn inducida pot el cambio tecnolOgico microelectrOnico
asegurarä Qua algunos palace aeptentrionaleit qua se aventalan cobra Ia
base cia Ia investigaciOn y perfeccionsniiento, las aplicaciones practicasy
uris drvuigsciOn m5s r5pids, tengan uns veritaja cociparativa en rolaciOr,
con el redo del muncie durente bastante tismgo en a) future. Esta
empuarit SI resto da los paises del fortec incluao mM a los del
sur-hscia una relacion de dependencia Las diferencias entre diversas
regianes y palses en a velocidsd y direcciOn de a divulgacion sirvon de
base para SI ccmercio Internacional, ya que implica diferertcias do a
venlala ubaolutaycorr.parativa, Dadss lasmodalidadeede Ia eapecialisaciOn
i i rdiCciOn, l cornerciosaquirit leniendo tuvrza dentro do dos Pisces
sec)lenlroraies. entro do los mendionales y anti, as dos hemislerios.
No obstanle, sumentarit Ia dependencia total del sur an relaciOn con el
forte.
La siectrOnica y at deaarrollo industrIal
Ernest B,'aun
Las lecriolog)as relacionadas con lsa)actrbnicaostitn siendo tan centrals,
parse) desarrollo industrial que nurneroaos paises en vies de desarrollo so
von tentadoe da hacerlas Ia piedra dave desus estrategias futuras. como
OcurriO con Ia induatria siderurgica en Ia època posterior a Ia
deacolonizaciOrt Noobstante, as importantodistinguir eritre los diferentas
sectores secundarios de Ia induatria. En algunos, pot ejemplo at do los
semiconductorea, Ia innovaciOn dales tecnologlas automatizades parece
susceptible Os reducir Is ventajs comparative eateblecida en los palsea en
vIsa Os deserrollo con bajos costos salarialea. En Otros sectores, tales
coma Ia electrOnica do los articulos de conitumo, as indicaciones parecen
mad esperansadoras. Los elevados coslos (tanto monetarios como do
mano do obra eapecializada) qua represents Ia entrada en Ia ifldustria
aConseisn cautela contra estrategiaa mat dirigidas quo ponen derelieve Ia
expansiOn de sectores secundatios inaproplados en los palsea en vIsa de
desarrollo.
La lnduatila electrOnIc. aslEtica mIre hada it I uturo
Jeremy Clark, r Vincent Cable
En aff as recientee, las industries electrOriicaa en algunca palses manoa
desarrollados ha constituido un foco deatencion, debido a su axito en Is
creaciOn de enploo y promociOn de esportacionea. En eats articulo so
evalua a) tuturode Ia industnia electronics asiktica, distinguiendo spine los
primeros parricipantee, tales como Cores do) Sur, Taiwan, Hong Kong y
Singapur y los radian Ilegados, tales como Malesia. las Filipinas, Indonesia
y Sri Lanka, El antiguo grupo ha podido desarrolla, una industria
re)ativamente independiente, dante reapedto alas irtdustrias 'maduras" do
productos de consumo consp en relaciOn con Is de con,ponontea. Los
nuevos participantee. on contraate, siguen dependiendo muchisimo data
inversiOn y tecnologla do las multinacionslea. Hay tres lactates gue
influyen en a) futuro do Ia industris et do los mercados nacionales, el
proteccionismo ye) cani lecnolOgice. Despuas deeval'4ar carts uno do
eatos factors,. CI articulo concluye con una nota mad bien peeimista, pero
settala las posibilidades pars un mayor comercie entre los palses Oct
Tercer Mundo.
La mIcroelectrOnIcs y Is Industrta del vesildar todavia no afuetan
pertectsm.nI.
Kurt Hoffman y Howard Rush
El sector de Ia industris del vestido as una fuente iniportanto de
exportsciones y empleo en muchos pslses menos desarrolladas. Si se
dispusiera fitcilmente do una tecnologla automatizada. Ia ventaja
comparativa po'drla pasar do nuevo a los palses desarrallados. Esto.
adquiere aün mayor importancia par eI hecho dogue Ia teanologia bitsica
as semejante a Ia utilizada em as industriss del cuero y el calsado, que
tambiCn conatituyen importantee fuentee do esportadiones cia los palses
menos desarrollados. La tecnologia da las prendas do vestir ha
permanecido notablemerfle estittica durante el C,ltimo siglo y apenas han
exiatido barreras tecnolOgicaa pars los nuevos pardciparitas en Ia induatria.
No obstante, Ia introducciOrt deIatecnotogismicroeIectror,icacorniensa
intluir On edo y empiezan a reducirse las vontajas do lea costoa siarisIes
balos. Eats artleulo constituye una advartoncia de qua las tvcnolograa
microelectronicas quo empiezan a surgir puedert disrninuir las ventaias
comparative do los paisea en viasdo desamolto quo dejeri do ajustarse a
un ambiente tecnolOgico cambiante.
La electrOnIcs y las dlteree,cias tecnol6glcsa of caso do las n'itquinas-
herramlenta decontrol numOrlco
Staffan JacoOs,son
Este articulo seconcentra en Ia inlraducciOndelosdispositivos decontrol
electrOnico('controlee nurrrericosI en las mbquinas-herramienta. Esto ha
proporcionado beneticios importsntesa las empresssporque ahorra tsnto
capital coma mano do obra. mejora Is calidad del producto y reduce el
tiempo neceaaiio pars introducir rruevoa productos en el mercacjo Aunque
eataa ventajas parezcsn beneliciar a los paiaes desarrollados do uris...
manors desproporcionada el benoficio rntits irnportarrte qua so Obtieno
está probablemente relacionado con ci ahorro do mano do obra
especia)izada. Como le mano do obra eapecia)izada as e) elemento ins,
importanle on Ia ventaja compsrativa do los palses desarrollados, as
probable qua Is divulgaciOn deestss maquinas..herramianta traslade asIa
venlaja ComparatrvS en favor ci,, Ice paiss, redienlemente industral2ados-
No obstsnle, SI articulo concluye Con un aviso cia qus los prograsOS>'



















































Adam Smith, writing in the latter half of the nineteenth
century, attempted to explain the growth in labour
productivity which was occurring round him largely in
terms of human dexterity and organisational changes
which, for him, were the significant factors underlying
the division of labour. It was Marx, however, writing
one hundred years later, who grasped the significance
of machines. These machines, he argued, were not
merely characterised by the form of power used, but
also by the mechanisation of the tools which were
being used, and in some cases, the automation of the
control of these tools.
The development of this machine-power, continually
subject to technical change, underlies the quite
unprecedented growth of the world economy over the
past two centuries. Over this period not only have the
control of tookievices and the quality of materials
used grown in sophistication, but there has been a
continual improvement in the physical power used to
drive machines. The power source has moved from
humans to animals, to water, to steam (wood and coal
based) to the internal combustion engine, the electric
motor and, possibly in the future, even to the atom.
But, some observers argue, in the same way as this
growth in the control of energy underlay the 'first'
industrial revolution of the past centuries, so the
'second' industrial revolution in the future will depend
upon the control of infonnation. And the key to this
ability to manipulate and transmit information lies in
the rapidly emerging technology of micráelectronics.
This issue of the Bulletin, whilst less ambitious in
scope than the grandiose recasting of industrial history
described above, attempts to explore some of the
possible impacts which microelectronics technology
might have on the problems of underdevelopment. Its
particular locus is an examination of its impact on
international trade. A simple-minded explanation of
its significance might be as follows: the existing
international division of labour depends upon developed
countries supplying technology and developing
economies providing labour; but when there is no
longer a need for labour, where lies the future
comparative advantage of developing countries? But
before we move on to a brief discussion of some of the
issues involved in this subject area, it is appropriate to
begin with a description of the technology.
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Microelectronics technology:
a brief description
To understand the significance of the new technology
it is essential to comprehend the explanatory power of
binary logic. Basicauy this enables one to count or
manipulate ideas in an either/or(ie binary) framework.
For example, consider counting: if we specify three
switches, the first representing the number 'I', the'
second 2' and the third '4', then we can count up toT
by switching on all of the switches and to '6' by only
taking into account the values of the second and third.
switches. In this way, by making a suitable number of
switches available, we are able to count as high a
number as we like via a series of either/or decisions.
Similarly, logical systems can also be broken down
into a series of binary decision-points.
What microelectronics does is to provide the capability
to operate these binary systems cheaply within very
confined spaces and without any moving parts. The
key to this capability was the invention of the solid-
state (ie no moving parts) transistor in 1947 which
provided the basic either/or building block. In 1959
the integrated circuit, which allowed for the
incorporation of more than one binary gate on each
'chip' (as these tiny pieces of silicon have come to be
called) was developed and in 1971 a new programmable
capability was provided by the invention of the
microprocessor (often called 'the computer on a chip').
Progress over the years has been startliig and sustained.
For example, since 1959 the number of binary gates on
each chip has doubled every year with an annual
average reduction in costs of 30 percent. At the same
time reliability has increased and power consumption
has declined.
As these chips have cheapened so has the range of
uses. Beginning in the US in the military and space
sector, the technology was initially associated withthe
introduction of new products such as computers and
television. Itwasconsequently a technology associated
with expansion of production, trade and employment.
However from the mid 1970s microelectronics came
to be used as a substitute for mechanical control
devices (eg watches, machine controls) and counting
systems (eg cash registers). In this most recent era it
has. begun to penetrate into a vast number of existing
products (from cars to children's toys) and, processes.
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(from driverless tractors to monitors of animal health)
and serves the function of making these processes and
products more efficient. So from an optimistic image
of 'engine to growth', microelectronics has begun to
make the transition to 'destroyer of jobs' (even though
its labour-saving characteristics are only one feature
of the advantages it offers to users).
Microelectronics technology cannot possibly offer
something for nothing. Thus while the 'hardware'
(that is the chips themselves) might be effectively
costless the ability to get them to operate usefully
through the medium of software (written instructions)
is costly in terms of human intellectual effort, and
requires skills which are currently in short supply. But
the compensating benefits which the technology offers
are impressive. Without suggesting that all uses provide
the same benefits, or the same degree, or benefits in
the same relative order of imp rtance, it is possible to
distinguish three different sets of benefits which can
be. and have been, realised. These are:
a) in product. This includes new products (eg
televisions), products with improved performance
(eg watches), better quality products and products
produced with a considerably shortened lead time;
b in materials utilisaiion. Through optimisation
procedures, this includes the very important category
of energy-saving devices. It also includes a wide
range of uses in which shapes are cut out of a sheet
which is a characteristic of nearly all assembly
industries;
C) in process. Here microelectronics related process
innovations can be both capital or labour saving or
both. Moreover they can also conserve on particular
types of each of these factors (such as skilled labour,
or space). Finally it offers Eas we can see from
Jacobsson's article I the very important capability of
enhanced flexibility.
The links between microelectronics and
comparative advantage
Of course, by itself, little can be held against the chip.
It provides the potential to relieve humans from dull,
repetitive jobs as well as to assist in the execution of
intellectually challenging tasks. As such it offers the
advantage of producing more and better products
with less material and human input. Rather it is the
form of social organisation within which it will be
introduced that determines the nature and extent of
benefits which will be reaped. Each of the various
contributions in this Bulletin explores the likely impact
of this technology with specific relevance to this social
context, rather than in relation to an alternative, more
appropriate' nexus of innovation. So, if the overall
conclusion is that the introduction of the new
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technology (as it has come to be called) will have
negative impacts, then it is essential to keep in mind
the social context within which it is introduced.
Before we proceed to list some of the major issues
involved in this subject area we ought briefly to
remind ourselves of some of the developments which
have taken place in the world economy over the past
two decades. From an established division of labour
whereby the developing countries seemed consigned
to be processors of raw materials and suppliers of
agricultural commodities, we have seen the entry in
recent years of some newly industrialising countries
(NICs) as major suppliers of manufactured goods and
even of technology. South Korea's exports of
manufactures, for example, grew at an annual rate of
36 per cent between 1965 and 1975; aggregate
developing country manufactured exports grew from
$4.6 bn in 1965 to $55 bn in 1975; and the share of
developing countries in global manufaeturiig value
added grew from around 7 per cent in 1965 to nearly
10 per cent in 1979. Not surprisingly, on the basis of
this performance, the 1978 UNIDO Lima Conference
set a target for the developing countries of 25 per cent
of global value added in manufacturing by the year
2,000.
But both the achievements and projections occurred
within the context of an expanding world economy in
which there appeared to be space for a large number
of producers and in which (particularly given near full
employment in the developed countries) the benefits
resulting from specialisation and comparative advantage
appeared to be beneficial to most (powerful) trading
countries. But now, as we enter the 1980s, the rising
levels of unemployment in most industrial economies.
associated with fierce competition in most sectors,
suggests a different scenario. Moreover the potential
productivity benefits offered by microelectronics
particularly in relation to the saving of labourleads.
one to wonder whether comparative advantage can
still be drawn on the same lines.
In exploring the specific links between the new
technology and the changing pattern of comparative.
advantage, it is possible to establish four broadly
different lines of argument. Whilst each of these can
be justified on a macro- or sectoral-plane. it is an
unfortunate fact that few sectoral studies have yet
been undertaken to assess the detailed interrelationshiP
between the new technology and trade. Thus
various contributions to this Bulletin see also Ernst
forthcoming represent the first wave of studies which
are being undertaken in this subject area. The results
which are emerging are as yet largely suggestive and
only time will tell whether they offer a realistic permiyal
of the future. In discussing the four alternative SCeflarlC.
























































Microelectronics will have a positive Impact
on developing countries comparative advantage
Here it is argued that there is no reason to believe that
the new technology will diffuse more unevenly through
the world economy than have previous technologies.
On the contrary, by saving on specialised skills Esee
Jacobsson in this Bulletinl it is particularly suited to
developing economies and consequently it will have a
disproportionately positive impact on Third World
comparative advantage. Moreover since the new
technology is inherently a systems technology Isee
Rada and Kaplinsky in this issue I it may well be that it
is easier to introduce in expanding developing
economies in which there are fewer impediments to
change, than in rationalising industrialised economies
which have a long history of established work
patterns.
Microelectronics will have lltte Impact on
comparative advantage
In this scenario microelectronics is essentially seen as
one in a long series of incremental technologies. It has
no major impact on economic activity (and therefore
leaves the macro-world unchanged) and it diffuses
through the world economy at the same rate as other
types of technology. None of the contributions to this
Bulletin would appear to support this view, but that
may only represent the obvious fact that no-one who is
unconcerned about the problem would bother to do
research on the subject!
The diffusion of snicroelectronlcs
technologies will be associated with a reduction
in developing country advantage
There is a wide variety of different 'schools' in this
scenario. One of them is represented by a form of
long wave' theory. This builds upon the recognition of
50 year long wave cycles in the world economy which
are associated with the introduction of major 'heartland'
technologies. Each of these cycles is considered to
have an expansionary upswing in which the new
heartland technology is predominantly used for the
introduction of new products, and a rationalising
downswing in which the technology is used to enhance
competitiveness in the context of growing compe-
tition.
Within this framework, the period 1950-75 saw the
expansionary upswing of the microelectronics based
cycle with full employment and a growing international
division of labour. Now that the world economy is in
the rationalising downswing with growing unemploy-
ment at the centre (partly fuelled by labour-saving
microelectronics technologies), the 'space' no longer
exists for peripheral economies. Trade barriers and
increased competitiveness of developed country
producers using the new technology thus undermine
the developing country comparative advantage which
began to emerge in the 1960s and 1970s.
At a less grandiose level, a number of sectoral studies
seem to confirm this trend towards comparative
advantage reversal. The contributions by Rada, Braun,
Hoffman and Rush, and Kaplinsky in this Bulletin
would seem to confirm the hypothesis that the use of
the new technology provides significant benefits to
innovating firms and serves to undermine the potential
comparative advantage of developing countries using
cheap labour and pre-microelectronic technologies.
In some cases (semiconductors and garments, for
example) it is already possible to identify examples of
trade reversal. Only Jacobsson's article suggests that
the introduction of the new technology will be
associated with enhanced developing country
comparative advantage. And even in this case, it is
argued that it is likely to be only a temporary
phenomenon, -
Finally, a third set of arguments sees the introduction
of microelectronics technology as associated with
growing centralising tendencies in the world economy
Isee Rada's contribution). in the context of thegrowing
crisis in the world economy, and with the undermining
of developing country comparative advantage by the
use of the next technology, these transnational
companies will be less likely to locate production in
the periphery. This is precisely what appears to be
occurring now within the electronics industry itself
[see Clarke and Cable, and Radal.
The Impact will vary between countries
Most observers (Clarke and Cable, Rada, Hoffman
and Rush and Jacobsson) recognise that developing
countries are not a homogeneous group. Some of the
NICs have by now established a level of industrial
sophistication which probably means that they will
already have made the transition to 'industrial
development'. This group of countries, they argue,
will almost certainly be less badly affected than the
non-NIC developing countries.
Some policy Implications
The contributions to thisBulletin reflect the embryonic
stage of research in this area. Consequently it is
difficult to offer more than tentative policy conclusions
(although each of the relevant authors do so in their
more extensive research reports). However three
conclusions stand outin importance.
a) The use ot microelectronics technology
Braun cautions against the conclusion that developing
countries should move into the production of
electronics components. However it is overwhelmingly
clear that the new technology represents a quantum
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leap in efficiency and unless developing countries
adopt it in products and processes, they will be forced
to retreat from world markets (particularly with respect
to exports to industrialised economies) and to increase
protection to domestic producers. The signs are that
the new technology is relatively easy to use and
requires fewer and less skilled operators and less of
some types of maintenance and repair skills (Jacobsson
and Kaplinsky). But the danger is that even if developing
countries do introduce the new technology, trade
barriers partly resulting from job displacement in
developed countries may well close off trade
opportunities anyhow.
The development of software skills
The 'old' view that underdevelopment is caused by an
absence of skills has by now been exploded in the
context of high levels of unemployed graduates in
many developing countries. The irony is that nany of
these countries (particularly India) are exceptionally
rich in the very 'software' skills which constrain the
introduction of microelectronics in developed countries.
It is an open question, therefore, whether this software
capability could be a source of developing country
comparative advantage in the future, or whether the
absence of an 'organic' link between this skilled cadre
and indigenous industry undermines the feasibility of
this policy option. The contribution by Bogod suggests
a role for developed country technical assistance in
this area in further encouraging the production of
software skills in developing countries..
Appropriate technology
Hitherto the introduction of microelectronics has been
associated with the military sector and in meeting the
needs of developed country producers and consumers.
Little attention has yet been given to meeting the
requirements of groups within developing countries,
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to take advantage of the significant benefits which the
technology offers. By this we do not mean the
development of the solar-powered video recorders
suggested by one agency to meet the basic needs of
Indian villages, but rather technologies such as
irrigation-control systems (eg in drip-feeds)., meteorolo-
gical forecasting for islands characterised by micro-
climates and rural health care systems. The
development of appropriate systems to meet developing
country needs deserves far greater emphasis than it
currently gets.
In conclusion, therefore, despite the 'under-
development' of our awareness of the specific impact
of microelectronics related innovations we cannot fail
to recognise their significance. For a whole series of
reasons, the coming decades are clearly going to differ
from the previous ones and it is important to bear in
mind the technological dimensions of the changing
world if appropriate policy responses are to be
fashioned. At the same time it would clearly be foolish
to ignore the political-economic context in which
these technological developments are occurring.
Technology cannot be seen as an 'abstract good' since
it takes particular forms which reflect the interests of
the innovating parties. And in addition since
transnational firms account for such a large share of
world trade in manufactures, any set of policy responses
should be acutely timed to the likely reaction of TNCs
to these changing technological, political, economic
and social climates.
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Technology and the North-South division of labour
Juan F. Rada
Technology and development
Concern about technology from the point of view of
development studies has been growing consistently
since it was recognised that control of technology has
often led to the control of development, the definition
of its aims, and the determination of its pace. The
debate has, more often than not, been unduly
concentrated in three broad areas. The first has been
the characteristics of the technologies to be used,
especially, to ensure that choices correspond to
development aims and the economic and skill
endowment of a given country or region. Second has
been the mechanism ot transfer of technology (licensing
agreements, use of patents, trade secrets and so on)
aimed principally at improving the conditions of the
transfer of technology for developing countries (eg
Code of Conduct). The third element has been the
development of science and technology policies to
upgrade the technical infrastructure and to encourage
innovation in developing countries.
This is by no means a comprehensive listing of all the
intricacies in technologydevelopment debates. Its
purpose is mainly to highlight the absence of
consideration given to two equally important elements.
The first is the dynamism of technical change, which
although commonly recognised, is seklorn assimilated
with all its consequences into the debate. Technology,
whether for materials, products, processes, clerical
work or conununications is a constantly moving target,
so that the initial choice of technology is only the
beginning of a process of assimilation, upgrading, and
finally, innovation. However in most planning processes
technology is often regarded as given, with little
emphasis placed on trying to forecast how technological
change might alter export or import performance,
industries and raw materials. Whilst forecasting these
developments remains more a craft than a science,
this does not constitute an excuse for avoiding some
form of indicative assessment of technological
change.
The above point is closely linked to a second.
increasingly important area of development research,
namely the effects of technological change on the
international division of labour. In other words, how
do dynamic technological developments affect
comparative advantage and thus development and
industi-ialisation prospects in particular countries or
regions. This phenomenon is by no means a new one,
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although surprisingly little attention has been paid to
it. For example, history tells us that technological
advances in textile manufacturing changed the
international division of labour for textiles. By the
1830s, the price of yarn was perhaps one twentieth of
what it had been 50 years earlier, and the cheapest
Hindu labour could not compete in either quality or
quantity with Lancashire's mules and thmstles [Landes
1976:421. Similarly, the commercialisation of the Haber-
Bosh nitrogen fixation process in the 1920s did away
with one of Chile's most important sources of external
revenue, the exploitation of natur& nitrate. At one
point, Chile supplied at least twothirds of the world's
nitrate requirements.and the tax on exports was 80 per
cent of Chile's total revenue.
The historical listing of such technological develop-
ments and their effects on the international division of
labour takes us to several countries and continents
and includes, among other things, the substitution of
natural by artificial processes in the production of
rubber (which has in fact rebounded due to increased
oil prices and performance requirements), fibres,
colorants, certain minerals and the current tendency
of partially substituting alternative energy sources for
oil. Most of these are based on high, capital intensive
technology.
In a more speculative vein, and looking at the future
rather than the past, several questions could be posed
in the light of current and imminent technological
change:
widespread experiments (and even some pilot
plants) are underway to produce industrial glucose
and sweeteners out of cellulose through the use of
genetically engineered micro-organisms. if these
experiments prove to be commercially viable-, what
will be the effect on sugar demand and prices,, and
on the revenues of sugar producers?
Copper has been substituted in a number of
applications in the past, such as by aluminium for
power transmission. It is now facing further
substitution in other areas, such as by fibre optics in
the field of telecommunications. This is not going to
be a sudden development but an evolutionary one,
over a period of years. Will this affect the aggregate
demand for copper and eventually its price?
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The first example deals with biotechnology, or more
specifically, with the latest developments in genetic
engineering whose consequences for the international
division of labour remain largely unexplored. The
time horizon for commercial developments are
commonly acknowledged to be between five (some
new pharmaceutical products) to 20 years (applications
for mining processes) although some products are
already available [Congress of the United States, Office
of Technology Assessment 19811.
The second deals with substitution of materials, where
considerable research has already been done. But the
prospects for new human-engineering materials which
are presently used forsophisticated applications make
an increase in the rate of this research likely.
This interaction between technological charge and
the international division of labour does not only
affect the North-South division of labour, but also that
among developed countries. A classical and often
quoted example has been the substitution of precision
engineering by electronic components in the
watch/clock industry, which has led to the transfer of
a substantial part of the industry from the traditional
producer, Switzerland, to Japan and the USA. Today,
Japan is the biggest watch/clock producer in the
6
Labour intensive assembly of nonelectronic clocks and watches
world. 0 additional interest in this case is that these
changes in product, which inevitably lead to changes
in processes, also forced a shift in the supplies of
materials, sales force and marketing structure. The
bulk of watches/clocks left the specialised shops to
find new outlets in supermarkets and general stores.
Development models
The complexity of the interaction between technology
and the international division of labour makes it
difficult to generalise about trends. Indeed a number
of theories have been developed from several points
of view, including the product-process cycle and factor
intensity (Ic labour-intensity vs capital intensity)
explanations. Out of these two sets of theories a
'model' of the international division of labour has
evolved. Put simply, this 'model' assumer that
developing countries will develop and i'idus'rialise
through the transfer of production of simpler and
labour intensive products to them, while advanced
countries will move up-market through more R and D
and knowledge-intensive production. This view is
implicit in the basic assumptions of the New
International Economic Order, the Third World
industrialisation programme of UN agencies such as
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However tt does not adequately consider the interaction
between mature, semi-mature and advanced tech-
nologies. A mature technology could receive a
substantial shot in the arm by developments in other,
apparently unrelated areas of technologies, and acquire
a new dynamism. For example, despite considerable
talk, and work, on the 'readjustment' of the industrial
structure of the developed countries, they remain the
most important steel producers, ship-builders, car-
manufacturers and even textile producers. These
industries were thought to be natural candidates to go
'South'. but through innovation in processes and
products some have remained viable in high-wage
economies. Many factors enter into play here, the
most significant being the changing technological
profile of traditional industries. This shift in
technological profile does not only diminish the
importance of direct labour cost in total manufacturing
costs but also permits a chain of improvements in
terms of quality, turn-around-time, customer service,
stock management, office productivity and so on. In
some cases, an improvement in the 'customer service'
content of a given product is far more important than
its actual manufacturing cost.
In addition, in some areas, market fragmentation (a
characteristic of high income markets) is accompanied
by specialisation with a heavy technological content.
A good example here is in the electronics sector
where in the area of memories or microprocessors one
generation (for most applications) replaces rather
than overlaps another. For instance, 4 bit micro-
processors represented 100 per cent of the world
microprocessor market in 1972, 23 per cent in 1980
and will account for only six per cent in 1983.
(Projections of Creative Strategies International 1981.)
The situation is similar for memories, with a new
generation replacing the old in cycles of about eight
years covering first introduction, peak and obso-
lescence.
Thus it is nly natural that as markets grow so do the
number of specialised niches. These products niches
need to be highly specialised in order to offer features
which truly justify their existence. In electronics again,
success in these specialised sub-markets is conditioned
by high technology content rather than because firms
concetrate on stable products, and this occurs in both
products (eg Uncommitted Logic Arrays) and processes
(eg equipment). Although it is not possible to generalise
from the experience of one sector, one should bear in
mind that what is important about electronics is not
just changes in the industry itself, but the fact that it is
becoming a convergence industry. It is indispensable
for a growing number of sectors' activities and services
in which the content and format of information flows
are changing. The entire industrial and service structure
is thus moving toward a higher technological profile,
with an ever-increasing emphasis on streamlining the
production of software through the use of more
firmware (which writes software into electronic
components) and increasing modularity. These in
turn, will accelerate the process of change.
The context of current technological
change
The wider context in which current change take.t
place is one of slow growth, and there are no signs that
this will change in the foreseeable future. Under these
types of conditions, two effects are relevant to this
discussion. The first is that slow growth encourages.
or in some cases, forces innovation in order to optimise
the use of resources thus the investment rationale is
much more cost-drive than growth-driven. This is not
to say that slow growth is the cause of an upsurge in
innovation which as. a process is far more complex
than that. What it does mean is that the general
conditions are more conducive to innovations (and
their diffusion) titan to increased production with
stable technologies and products. The second
consequence of low growth is greater competition.
particularly on an international scale, which in turn
creates political conditions for re-adjustment.
The globalisation of competition, particularly among
multinational companies, and the upsurge of innovation
constitutesa mixturewhichisincreasingly conditioning
the international division of labour. For instance, the
nature of current technological change, especially
information technology in its broader sense, deals
with an area which by and large has remained
unchanged since the 19th century, namely the office.
The increase in office productivity or the streamlining
of administrative activities to reduce 'overhead' cost is.
essential if companies are going to remain competitive.
This shift in the way information is conceptualisect
opens completely new avenues that need to be explored.
The transition of information from a purely
organisational and cultural resource towards consider-
ing it as an economic resource implies that growing
attention will be paid to the 'information intensity' of
goods and services as a feature of the structure of
developed societies. This also implies the rationalisation
of 'information activities' as happened in previous
epochs with regard to manufacturing and agricultural
work.
Some general features of contemporary
technological change
In the context described above, some general features
of current technological developments can be
tentatively foreseen. These generaiksations are intended
to contribute towards conceptualising the nature of
current change, and they are inevitably, at this early
stage, tentative in nature. Three categories will be
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mentioned here: the importance of science, the
increasing dependence of production on capital, and
the changing nature of information. In the final section
we will discuss them in relation to the electronics
sector.
a) The importance o science
One of the salient features of current and impending
technological change is that its origin and early
developments have been based on basic scientific
research. This is true for semiconductor technology,
biotechnology and is also becoming evident with regard
to developments in materials-technology [see Braun
and MacDonald 1978; Metropolis et al 1980; Editors
of Electronics 1981; Gros et al 1979; Congress of the
United States 19811. As the theoretical content of
technology grows. so does the skill mix required to
absorb and develop technology. At the same time
comparative advantages are conditioned by the
science/technology endowment of a given country. In
this sense, comparative advantages are deriving more
from human activity and organisation than from nature
(eg raw materials). In other words, production of
goods and services is becoming more geographically
independent as technology progresses.
These developments in 'the field of technology have
another important characteristic which is relevant to
our discussionthe need for sinergy. Today an
innovation is seldom the result of developments in a
single field. On the contrary. it tends to be a composite
of many disciplines, some coming from seemingly
unrelated areas. Examples of this type of sinergy are
developments in genetic engineering which would not
have been possible without computers; whilst
development in computing would not have been
possible without important breakthroughs in crystal-
lography, metallurgy, and many other areas.
Consequently technology and its transfer is increasingly
dependent on what is loosely called 'intangible
knowledg&. This type of knowledge is not necessarily
embodied in individuals but is rather the result of
organisational systems and interaction. Two examples
which have been clearly identified come to mind. The
first is in the semiconductor industry where the use of
patents. although normally practised, is not of great
strategic value to companies. The industry relies much
more heavily on trade secrets and a form of
'organisational knowledge' (Sterling. Hobe Corporation
1978; Kaplinsky 19821. The high mobility of personnel
in the industry, especially the transfer of entire teams,
constitutes a more direct problem to companies than
the infringement of patents. The second example is
software which is in many cases not patented precisely
in order to avoid disclosure of information that would
make it easy to copy. In the field of genetic engineering
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a similar process seems to be taking place as research
in this area moves from academia to industry.
Due to the elements mentioned we encounter two
important implications for the international division
of labour. The first is that the growing theoretical
content of technology makes its transfer difficult,
given the techno-scientific infrastructure of most
developing countries. The second is the increasing
'embodiment' of technology into goods and services.
This is due to the growing importance of 'intangible
knowledge' and the incorporation of functions and
features into products and equipment. For instance.
when precision mechanical components are replaced
by electronic devices (eg watches, instruments, etc)
this process of embodiment of technology takes place
since functions performed in the past by separate
elements are combined in a single circuit which in
itself is a system rather than a component.
The trend towards systems rather than discrete
components makes the absorption of technology by
stages or parts (explicit in the concept of unpackaging
technology) more difficult. At the sante time, because
of technological and commercial pressures, manufac-
turers of all kinds are moving towards total systems,
with the service component incorporated. A well
known example here has been the 'turn-key plants' in
manufacturing, but one could add transport, banking
and manufacturing systems. The trend is towards
integration, which has partly been made possible by
the characteristics and economy of information
technology and microelectronics.
b) The dependence of production on capial
The second main feature is that production is
increasingly the result of capital. This general statement,
which describes a long historical trend, needs some
refinement. Historically, the best example is agriculture,
which through capital intensive labour- and land-
saving technology, increased productivity tremendously
over time. The developed countries are today the
largest producers of agricultural goods, with only a
fraction of their popualtion employed in the sector
(typically, between three and ten per cent of the
working population).
The diffusion of any technology is dependent on its
factor-saving characteristicswhether labour, capital,
materials, time or a combination of all of these. For
our purpose one aspect is of particular importance
here, and this is the labour-saving effect or, in other
words, the decreasing importance of direct labour
cost in total manufacturing and business cost. The
debate in this topic in the last few years has been
massive, and consensus seems to exist on one point at
























































levels, particularly in unskilled and semi-skilled
manufacturing activities, at the same time there has
been an increased demand for skilled labour in design,
R and D and knowledge-intensive activities. This is
only natural since automation at this stage of its
development is increasingly dependent upon these
skills.
Without entering too deeply into the debate on the
choice of techniques, what is of interest from the point
of view of the international division of labour is that
the labour saving bias of new technology precisely
affects jobs which were thought to be most suitable for
developing countries. This argument has often caused
confusion, as if one were suggesting that labour cost is,
or will be irrelevant, or that developing countries will
become a sort of industrial desert. Three points should
be made in this respect and some of them I hope to
illustrate later through the example of the Semi-
conductor indusuy. The first is that the term 'developing
country' is short-hand for a tremendous variety of
structures and development strategies. Thus, for
countries with large internal markets (eg India, Brazil,
Mexico) the effects of technology, and also their
capacity to negotiate technology, is quite different
from those with small markets or with an export4ed
development strategy. Second, research on the
international division of labour, particularly in relation
to the future of off-shore activities, has concentrated
to a great extent on the relocation of plants because of
the nature of technology. These types of activity
involved few countries and few industrial sectors and
the conclusions do not necessarily apply to the impact
of technology in countries that have followed a different
strategy, nor with regard to the individual sectors
which were considered to be potential candidates to
relocate in the 'South'. This points out the need for
further research, but at the sante time it should be
clearly recognised that what happens is that labour
cost becomes less of a constraint for production (in as
much as the relative share of fixed-costs increase, in
some cases substantially) and not because labour costs
become irrelevant.
What this says is that the industrialisation alternatives
for developing countries are becoming narrower and
more complex. A third clarification refers to changes
in markets as producers emphasise quality of products
and innovation in order to compete in conditions of
low growth. This in itself changes the requirements of
production in terrnso( the type and skill-mix required.
The changes in markets should not be underestimated,
especially because they shorten the time span of
individual product cycles, often forcing structural
changes and specialisation in industry.
c) Information
A final general feature, which I do not propose to go
into in detail here, is the growing importance of
information as an economic resource, or the growing
'inforinauon intensity' of goods and services. The fact
that electronic components, computers and, increas-
ingly, telecommunications operate in the same language
opens the way to a new type of social and economic
infrastructure. There are essentially two trends forcing
changes here. One is the ever-growing amount of
information that needs to be collected, processed and
retrieved, and the other is changes in technology
which reduce the cost and increase the reliability and
flexibility of processing information.
This process, which has been called 'informatIsation'
of society, is one which simply accounts for the fact
that in order to produce a good or a service, much
more information, is required than in the past. This is
because research intensity, coordination, marketing
and other business needs with a heavy information
content, are growing. From the point of view of the
international division of labour at least two aspects are
of great importance here.
The first refers to the process of rationalisation and
automation of office work which will increase overall
business productivity while augmenting fixed cost. In
this respect little is known about how these processes
rapidly underway in the developed countries will
affect comparative advantages. Whilst in the past
technology has essentially been oriented to production
processes, whether in the primary or secondary sector,
what is now required is a broader view which recognises
that productivity growth is increasingly dependent on
information and clerical activities. In many industries
already, the majority of the labour force is employed
in clerical and professional activities rather than on
the 'shop-floor'. The economic availability of
information technology now makes it possible to address
systematically the question of office productivity.
Changes in this area, by altering relative' factor cost,
will undoubtedly affect location and investment
patterns.
The second aspect, of more immediate concern, is the
concentration of 'information intensive' sectors in
some developed countries. These sectors involve time
sharing services, consulting, data bases and banks,
design processes, R and D, software developments
and other types of services (eg banking). This is not
only a question of concentration of service activities
(in the 'tertiaiy sector' sense) but more importantly,
concerns an increase in the service content of material
production. In many areas it is no longer feasible
merely to produce an itemit is also necessary to
provide with it after sales service, repair, maintenance
and the compatibility for upgrading.
The case of software is an example here In' the total
cost of software over its entire product cycle,
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maintenance constitutes 60.80 per cent of total cost,
and development 20-40 per cent. For maintenance,
however, a vast service network is required with a
* close contact with end-users. The bulk of the revenue
during the cycle of the product software is then the
'service' of it rather than the original production. (This
of course is not applicable to packaged software or
dedicated machines.) Similar changes are forecast in
the case of programmable machine tools where the
provision of software, its maintenance and a connection
with 'machining data bases' (MDB) or 'computer aided
design' (CAD) systems might be essential. As has
happened with computers, it is likely that the overall
cost of manufacturing tools and machineEy will be
more dependent on the 'service' content of the goods
rather than on the 'hardware'. Therefore, the process
of concentration of 'information intensive' activities
involves many old and new types of services as well as
the informatisation' of material goods. With the
changing technological profile f productive activities
the gap in this area between developed and developing
countries is most likely to increase if judged only by
the projected expenditure in establishing informatics
infrastructures. The issues involved in this area are
extremely broad, ranging from questions of telecom-
munication agreements and use of satellites to the
economically and politically difficult issue of
Transborder Data Flow.
Some elements of the three main aspects mentioned
above can be explored through the specific case of the
semiconductor industry, which provides an important
illustrative case of these trends due to its heavy
technological content and the fact that it has been
mostextensively used in assembly plants in developing
countries. At the same time progress in semiconductors
is deeply conditioning trends in other industries, ranging
from consumer and professional electronics to heavy
capital goods. The intention in the next section is not
to explore all aspects conditioning industry behaviour,
but only those specifically affecting location and
investment patterns. For reasons of space, one aspect
of great interest in the case of this industry, namely
technological behaviour, will be omitted.
The semiconductor industry
From the point of view of investment and location the
main factors conditioning behaviour in the semi-
conductor industry are company structure, firm strategy
and the characteristics of the national economic system.
This statement is applicable to semi-captive and
merchant (selling in the open market) producers rather
than captive producers which operate with different
rationales (ie IBM or Western Electric). In terms of
the structure of the industry some important changes
have taken place, particularly in the US industry since
1977. While in the early 1970s the industry was
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characterised by th existence of independent,
technologically innovative, big and small producers,
today the archetype seems to be vertically integrated
companies, and the independent producers have
become less prominent. By contrast, the five large
Japanese semiconductor producers and the two largest
European ones have always been vertically integrated.
Thus the USA, where the most innovative companies
have been based, has been the exception. But now,
even there, most companies have developed corporate
links or are wholly-owned subsidiaries of large
corporations. For instance, if one considers even the
US merchant market (ie those selling products in the
open market) by the equity characteristics of producers,
it looks as follows
%*
Independent (Texas Instruments, Motorola,
National Semiconductors, Intel) 46
Subsidiaries and divisions, of major corporations 16
Majority control by major corporations 19
Minority control by major corporations 6
Others (mainly small independent producers) 13
bgjed on 1979 sales /igu res
If we consider the overall activities of the 'big league'
firms we would note that some of them have themselves
become vertically integrated corporations. Thus, unlike
National Semiconductors and Intel (with over 70 per
cent of their sales concentrated in semiconductors),
the semiconductor operations of Texas instruments
and Motorola represent only 47 and 37 per cent
respectively of total sales.
The reasons for this development in the industry are
related to three main factors discussed above, namely
capital requirements, cost of R and D and access to
technology IRada 19821. This change in structure is
accompanied by a growing number of captive and
semi-captive production facilities, especially for
integrated circuits. Automobile manufacturers, camera
producers, office equipment companies and many
others are recognising, the importance of vertical
integration as a way of ensuring supplies and also of
distinguishing their final produc Es in the market-place
by tailoring electronic components to their own needs
and systems. A sign of this trend is that in the US, 23
captive facilities were established in 1970 and 61 in
1980 [Bojert and Vieber 19811.
Thus the 'archetype' semiconductor company is
increasingly becoming a vertically integrated one as
technological and economic pressures force the
























































systems. and systems producers into the manufacture
of components. At the same time a risk-averting
strategy is pursued to maintain a level of innovation
and technological tie-ups that allow companies to
quickly 'ride' the teaming curve and defeat or neutralise
the natural economies of scale of very large vertically
integrated TNCs..
But whilst the above may be an accurate reflection of
the mass production merchant market, it is also true
that as the market expands so do the number of
niches. So one can expect numerous new entries and
success stories in specialised circuits and equipment,
and also the subcontracting to highly specialised
companies of part of the production process.
But in this industry, perhaps more than any other,
market share needs to be heavily qualified by two
considerations. The first is by market segment where,
for example, in the case of microprocessors, Intel is on
top, mastering the most complex technology. The
second is what one might call 'technology share' which
occurs due to second sourcing. For example, American
Micro Devices (AMD) which only has about two per
cent of the total US semiconductor market, has a
much larger presence in integrated circuits. In the 4
bit microprocessor segment, its direct share was 57
per cent (by volume), but if we consider indirect
shares, AMD accounts for 70 per cent (by volume) of
the market due to the fact that 13 per cent is second
sourced (via licences) to companies such as Fairchild,
Hitachi, NEC, Philips and Diemens. Siemens in turn
owns about 20 per cent of AMD (Creative Strategies
International 1981).
Second sourcing, equity participation, technology tie-
ups and joint research efforts all suggest that to look at
the main actors from any particular angle is necessarily
a partial view, and the greater the segmentation of the
market, the more complex the analysis of actors will
become. In addition, the conditions under which the
different companies operate varies. For instance, the
largest portion of equity in Japanese companies is held
by financial institutions or other companies, while
individuals hold a relatively low percentage as compared
with US companies. Furthermore the Japanese
industry's vertical structure affects the cost of capital
because it allows profits from one division to be used
to finance investment in another. The result of this
structure is that Japanese semiconductor companies
employ significantly higher debt ratios than US
semiconductor companies. Typically, they maintain
debt-to-capital ratios of 60-70 per cent while US
companies range between 16 and 18 per cent.
Consequently the cost of capital to Japanese
semiconductor companies is significantly lower than
that of the US companies, and this is largely a result of
the higher debt ratios employed by the Japanese. As a
result their required rate of return on investment is
lower than those of US companies. Thus, in the period
1977-79, the typical US electronic company earned
16.3 per cent on capital employed, whilst in the same
period the Japanese companies earned 7.5 per cent on
capital. (Rate of return for capital is defined here as
net operating profits after taxes as a percentage of
average total debt and equity capital employed.) As a
result of these elements, Japanese companies can
accept lower profit margins, lower rates of return on
capital and a lower cost of capital. Under these
conditions the cost pressures. on Japanese producers
are different and. to a large extent this explains their
emphasis on productquality through rapid automation,.
which requires large outlays of capital. Thus if in the.
1970s the recipe for success was volume/yields, today
it is volume/yields/quality and in order to achieve it
more complex, expensive and automatic plants are
required.
The Japanese have come to be noted for the high
degree of automation of their assembly process, with
the level of cleanliness approaching that of wafer
processing. They tend to rely more on automatic
equipment than on in-line inspection. Many changes.
are also taking place on types of materials and packages
in an effort to increase quality by merging together
production and design engineering. The approach is
'hands-off' whenever possible. However it is worth
noting that the pace of automation varies for different
companies and products. For memory devices, with.
high margins and a massive market, the trend to
automation is strong. For other more expensive and
low margin devices, the pace is slower, and packaging
and assembling tend to be a relatively smaller proportion
of the total cost.
Now, extensive use of automatic equipment and
expensive capital intensive plants allow producers to
reduceor at least not expandoff-shore assembly
in developing countries, which in the past has utilised
relatively labour-intensive technology. In addition the
cost of operating capital intensive plants tends to be
relatively similar, independent of location. This points
to one of the notable differences between Japanese
and US producers, which concerns the use of off-
shore plants as a major source of capacity. The data
suggest that Japanese firms do not utiise off-shore
manufacturing to support a significant percentage of
output (both by volume and value). Nevertheless
partly due to their use of automated techniques, they
are able to compete successfully on price.
The reluctance of the Japanese to rely on off-shore
plants is due to the belief that quality cannot be
assured in labour-intensive production. Their latest
significant off-shore investments are in the USA and
Europe mainly because of the need to have access to
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markets and to avoid trade friction. US companies
operating under very different conditions are forced
to follow a strategy which tends to maximise short-
term profits. Thus the constraints on cost are very
different, especially in terms of capital investment in
fully automated plants. In addition US custom
regulations (items 806.00 and 807.30) have encouraged
the use of off-shore facilities. These regulations only
tax foreign materials, and value added abroad to
imported products. However, despite the upgrading
of off-shore plants (eg, adding testing in some of them)
the value added outside the US has been consistently
declining, in the case of integrated circuits from 57 per
cent in 1974, to 39 per cent in 1978. This is due to the
increasing value of the parts of devices produced in
the USA (US International Trade Commission
1979:14(.
A comparison between the USA and Japan shows the
following:
Approximate off-shore production of US and
Japanese semiconductorcompanies as percentage of
the value of total domestic productIon
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Source: based on data from the Bank of Asia. The
Semiconductor!ndastry infapa.'z Hong Kong 1980.
and US Interniiona1 Tre Commission, competitive
Factors influencing World Trade in Setmiconducror.
Washington 1979.
A fair assumption would be that the percentage remains the
same.
By far the largest number of off-shore plants belong to
US producers. Thus of 112 off-shore plants in 1981
assembling semiconductors, 69 per cent belong to US
companies, 12 per cent to European and 19 per cent to
Japanese producers.
In terms of labour-cost, an item of particular importance
to US producers, wage differentials vis-d-vis off-shore
facilities remain largetypically a ratio of 1:4.
Nevertheless, if labour cost were the prime
consideration for choosing. fabricating and assembling
sites, many companies would have moved to lower
wage countries as relative wage costs have risen in
some of the more successful NICs. However, although
some movement has taken place, by and large the
industry remains in the areas of original investment.
Hence, large producers have relatively few plants in
very tow wage countries such as Thailand 5, Indonesia
3 and India 3. By contrast they have 16 plants in
Singapore, which is one of the most expensive countries
in terms of wages for assembling-type operations.
However it should be emphasised here that labour
cost has never been the only consideration for choosing
off-shore sites. There are many other elements including
infrastructure, political considerations, tax and capital
incentives and conditions for foreign investment.
These impending changes in the structure of the
industry have not entirely sunk in yet, but the process
of rationalisation and streamlining is likely to accelerate
in the next few years. The consequence of this
rationalisatiori will be to affect off-shore locations,
levels of employment, increased vertical integration
and capital intensity, and last but not least, the industry
will become more fiercely competitive. For example,
Siemens is slowly digesting its acquisitions and has
overlapping off-shore plants with Litronix (with which
it has recently formed equity links) in Singapore and
Malaysia, while a Litronix plant in Mauritius has been
closed. General Electric overlaps with an Intersil
plant (which it has just purchased) in Singapore. The
same pattern is applicable to many other companies in
terms of plants, sales, marketing structuies, and, of
course, R and D.
In the short run, especially for smaller producers, off-
shore locations (particularly in Asia) are attractive,
since they are far less capital intensive than highly
automated domestic plants. For those with heavy
commitments overseas, such as Fairchild, automation
of some of these stages of existingoff-shore operations
are only rational. But at the same time we have seen in
the last year the birth of specialised assembly companies
on-shore (eg California) with highly automated lines,
lower turnaround time and greater proximity to
customers.
Whilst smatter companies and new entrants might
turn to subcontracting assembling operations off-shore,
as well as on-shore, rather than overstre'tch their
managerial and financial resources with wholly-owned
operations, the fact is, that the larger the company and
the more vertically integrated, (which, as we have
argued, appears to be the trend) the less the use of off-
shore plants in terms of numbers as welt as size. Thus
for similar value for semiconductor sales NEC has
three off-shore plants and National Semiconductors
six: Hitachi two and Fairchild seven; Philips two and
Motorola eight. As fixed costs become larger as a
proportion of total cost and the value added in
semiconductor manufacture operations (as opposed
to assembly) grows, we shall see an acceleration of the
rationalisation in the present distribution of plans. In
addition, as quality becomes crucial for competitiveness,
assembly will change substantially with automation










































manufacturing plants wilt become more economical
than the fragmentation of production.
Three elements are, then, conditioning current changes
in semiconductors. The first is the alteration of firm
structure, due to the increasing capital and R and D
needs, including basic research, leading towards larger,
vertical integrated companies. Secondly, automation
is increasing the fixed cost of production and changing
the skill-mix in plants. This diminishes the relative
importance of low-wage direct labour cost. Thirdly,
and closely related to the second point, is the drive for
quality, which is forcing automation and the use of
highly capital-intensive plants.
Other elements that condition the use of off-shore
plants. eg tax and capital incentives, are also decreasing
in importance as many developed countries have put
into effect plans and incentives to encourage the
electronics industry and which, in some cases, might
neutralise, in relative terms, the advantage of off-
shore locations. A case in point here is Scotland and
France, both of which have been successful in either
attracting foreign investment or developing techno-
logical ties and cross-licence agreements. The largest
investments in integrated circuits (outside the
companies' own countries) have taken place in Scotland
in the last three years.
Conclusion
All the elements discussed in this article can be
summarised by one main conclusion. This is, that for
development studies, whether in the economic, social
and political field or in specific areas of human resources
and transfer of technology a very dynamic view of
technological change should be incorporated. The
complexity of the issues involved makes it necessary
to take a transdisciplinary appraoch to research and
to begin questioning very systematically some of the
basic assumptions of commonly professed development
theories. Prospective technological assessment should
become a central element in economic studies and
planning, and should deserve far more attention than
has been the case so far, especially in the context of
work on development.
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In the next two decades the pace of automation in the
industrialised countries will increase significantly as a
consequence of current developments in micro-
electronic technology and a diffusion of elements of
this technology to virtually all producer and consumer
goods industries, The speed of diffusion is accelerating
and will probably attain a momentum which can
neither be stopped or reversed. The most important
feature of this technological development insofar as
manufacturing industxy is concerned is that it enables
the automation of the 'discrete parts' industry. This
industry produces products which are assembled from
smaller parts. Therefore, after automation, these
industries will become comparable to capital intensive
continuous process sectors such as chemicals, petro-
chemicals and cement. The discrete part industry, in
its production and assembly phase, provides the bulk
of the industrial employment in all industrialised
countries. A segment of this industry, particularly that
which produces capital goods and technology, is highly
labour- and skill-intensive. In this type of output, the
comparative advantage of the industrialised world is
high.
Another characteristic of the microelectronic
technological revolution is that it is diffusing to the
service and agricultural sectors as well as in industry.
It therefore poses a formidable adjustment problem to
the societies of the developed world, who will most
probably have to undergo changes in structure in
order to cope with the sharp reduction in formal
employment which automation involves.
I Since the technological change with which we aredealing is, in ray view, of such importance that it willevoke changes in the structure of both developed and
developing societies alike, it will have an inevitable
impact on comparative advantage, invalidating the
ceterisparthus assumption of trade theory. It is therefore
more realistic to assume that everything else will
change, as a direct arid indirect consequence of this
microelectronic technological change. Hence, whilst
comparative advantage will also change, the question
is how, and to which extent? The short answer would
be, nobody knows! Nevertheless it is worth assessing
the question in more detail, since it clearly is of utmost
importance.
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The present international division of labour
According to the neo-classical theory of international
trade, the so-called international division of labour is
based on differences among nations and regions in
relative comparative advantage in the production of
outputs. Indeed, it has been mathematically 'proved'
(under the very abstract and restricted conditions of
this theory) that in the long run international trade
equalises the incomes of capital and labour in all
countries. However, there is, as usual, a large
discrepancy between theory and practice, and the
theory is probably more useful in explaining th past
than the present. A major reason for this discrepancy
between theory and the real world of international
trade is the politics of international and national
relations. In other words, it is not only economic
factors which play a role, but also political ones, which
are, in turn, influenced by power and other social and
cultural relations. Thus, according to economic theory,
protectionism will lead to a loss in welfare, but trade
unions, representing workers in economic sectors
which have to decline or disappear, may feel
differently.
Developing countries, on the basis of neo-classical
trade theory, should in some cases refrain from entering
into certain capital-intensive production activities.
However their governments may feel differently.
Strategic considerations as well as economic ones may
dictate national development objectives which contrast
with those suggested by international trade theory.
This implies that trade theory, and with it the concept
of comparative advantage, has to be modified. It must
be seen not only in a purely economic context, but
together with extra economic considerations of a
social, political and cultural nature. The drawback of
introducing a more complex concept of comparative
advantage is that it becomes less clear-cut and therefore
less powerful as an explanatory theory. Despite these
reservations, the neo-classical concept of comparative
advantage still has some explanatory and practical
significance, as I have shown in my own research on
international trade in footwear, fibres, textiles and
clothing, as well as on the technologies making these
products [Boon l980a, 19811. One of the conclusions
which I reached was that the output specification of
the traded goods is the major explanatory variable.
Hence goods with simple output specifications are the






















































isirig countries have, in principle, a comparative
advantage, whilst mature industrialised countries have
an advantage in goods with complex specifications
and characteristics. This basic principle holds not only
for industrial products, but for all activities and outputs
which are tradeable, including intangible services,
know-how and information I Boon 1981, 19821.
Thus I believe that the major factor explaining
comparative advantage is the difference in output
specifications rather than in the price differential
between labour and capital in different countries,
which, according to nec-classical trade theory, is the
major explanatory parameter. Nevertheless all this is
still subject to the constraints mentioned political,
social and cultural considerations may outweigh
economic ones in explaining actual trade patterns.
The suture
How will the diffusion of future technological advances,
specifically of those resulting from the application of
microelectronics, affect international trade? Such a
very generally formulated question is hard to answer
and we have to break it down into smaller components.
The effects clearly will depend on the diffusion of
microelectronic technology into other processing
technologies and products. Let us start with the latter,
the outputs. The demand for final outputs is enhanced
if their price is falling for equal utilities (say quality), or
if qualities, yielding higher consumer satisfaction, are
increasing for equal prices, or when prices and qualities
for the consumer both improve. Hence, if the
application of technology embodying microelectronic
components allows producers to achieve any or all of
the objectives mentioned, they will be anxious to
acquire this new technology.
Diffusion cannot be explained by prices, qualities,
demands and supplies (ie market forces) alone, since
all these occur in particular social-economic
environments, which in turn are conditioned by the
formalised and non-formalised institutional frameworks
which define a society. Clearly societies differ, and
therefore the rate at which technology diffuses differs
amongst countries, whether located in the North or in
the South. Different diffusion rates among countries
imply future differences in comparative advantage
and therefore a potential basis for international trade.
Let us first examine the North.
The North
The North consists of North America, Japan, Western
Europe and the socialist countries. Microelectronics
technology is most strongly developed, diffused and
applied in the USA (where it originated) and Japan.
Both are engaged in intense competition, both are
market economies, dynamically oriented and
aggressive. Both countries are about equal in strength
as far as microelectronic capability is concerned, with
the US probably somewhat stronger in the development
of the technology and Japan in the application. In
Europe the scene is rather different, since it neither
adheres to a dynamically or aggressively market
oriented ideology and economic system nor is it socialist
in the Eastera European sense. It lies somewhere in
between these extremes.
The diffusion of microelectronic technology in Western
Europe will therefore be slower than in Japan and the
US, but considerably faster than in Eastern Europe.
This could imply a further weakening of the alliance
of the free market economies and a drifting away of
Western Europe towards a degree of economic and
political neutrality. Moreover, on the basis of projected
differences in therate of diffusion of the new technology
in the US, Japan, Western and Eastern Europe,
comparative advantages among these areas will be
affecte! accordingly. This will ultimately result in
increasing technological dependence, and hence
economic dependence, and, in the somewhat longer
run, possibly some erosion of the political power of
the Western- and Eastern European areas. But clearly
the extent to which this occurs depends on Western
Europe's responce to the challenge, and this cannot
be completely fOreseen.
The South.
What about the South? Clearly we also have to make
some differentiation here. Not all countries are at. the
same stage of developmentt in one group are the
newly industrialising countries (NICs) such as Taiwan,
South Korea, Singapore, Mexico, Brazil, Argentina
and India; and in the other group are the remaining
countries, which are at a lower level of industrial
development. Whilst such a distinction is very general,
we cannot here discuss the subject in any other way
than by using such high levels of aggregatea.
In some of the NICs certain capital goods containing
microelectronic elements are already produced.. It is.
conceivable even that some of these countries (eg
Taiwan and South Korea) will become exporters, of
relatively simple capital goods (machine tools for
example), containing microelectronic components. In
fact, this already occurs to some extent. It is. eveit
conceivable that a select number of the N1Cs may
become 'developed'. However, unlike South Korea
and Taiwan, the economies of Mexico, Brazil and
India have a much more dualistic, even pluralistic,
structure and it will be some time before they qualify
for admission into the club of the rich countries, In. my
view microelectronic technology will not diffuse that
rapidly in this latter group of countries, and only the
best enterprises (as to internal organisation and quality
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of output) will experience relatively rapid diffusion.
The basic reason for this is that the new technology is
a geo-technology of the North, conditioned by the
particular situation in that industrial area and therefore
appropriate as an output and an input there. Only
enterprises with a comparable conditioning in the
South. Isuch as affiliated firms of multinational
companies or national companies exporting and
competing on the world market with the North) will
introduce the new technology. Moreover in Latin
America the NICs tend to have a more inward looking
development strategy and, therefore, in some cases
the new technology will diffuse on the basis of non-
private economic feasibility criteria, to increase the
local technological capabilities and to decrease
technological dependence. Similar considerations may
play a role for India. In the remaining countries of the
South the diffusion of the new technology will be even
more restricted.
North-South
Finally, exploring North-South interrelations, articu-
larly their trading relations. hcw will automation on
the basis of microelectronics influence comparative
advantage?
Let us first focus on a more general point already
mentioned. The new technology, involving the full or
partial use of microelectronics, is a geo-technology of
the North. particularly of the USA and Japan, and is
particularly appropriate to those areas. Clearly it is a
considerably less appropriate technology for areas
with a different culture or economic environment. (A
few exceptions have already been mentioned.) In such
a situation the North always tends to increase its
comparative advantage in the production and
application of the new technology, and the NICs and
the rest of the South face a deterioration in their
comparative advantage.
In the face of this growing technological gap. how will
the international division of labour in industrial and
other products be affected by this new technology? I
stated above that output specialisation is the major
factor underlying comparative advantage. This product
specification is now dispersed over the world in the
following way: simpler outputs with common
specifications have become the speciality of the
developing countries, whilst outputs with specific
characteristics as to quality. colour, smell, taste, fashion,
and more sophisticated production technologies (all
of which are characteristics of the discrete parts
industry) have become the speciality of the developed
countries. At present it looks as if the new micro-
electronics technology is particularly suitable for the
L
production of these special outputs, and less so for the
production of common outputs which can be mass
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produced on conventional automated machinery
requiring little skill. Therefore, the use of the new
technology for the relatively small batch production
of discrete parts will, inhibit a tendency for these
outputs also to move to the newly industrialising
countries. Thus the new technology will enable the
North to remain competitive in its present output
specification for some time to come.
The simpler, more mass produced outputs, have
generally speaking already moved to the NICs. In this
output new technological advances based on micro-
electronic components diffuse more slowly, and
therefore for the immediate and near future, there is
no reason to believe that the international division of
labour will be reversed. In certain cases a roIl-back of
the international division of labour has occurred, but
mostly it concerns assembly rather than production
activities and these are exceptions rather than the
rule. However, for mass produced products now
produced by fixed rather than flexible production
systems, changes in production technology will
undoubtedly also c ccur. Since these systems are already
labour-extensive, the introduction of more flexible
technology will enable greater variety in the product
mix, which is an aspect of quality and fashion, rather
than a displacement of labour and hence a reduction
in the cost of production. But the introduction of
robots in manufacturing and assembly, through its
impact on labour utilisation, will nevertheless have an
effect on comaprative advantage since the international
division of labour in certain industrial processes occurs
precisely because labour in the North virtually refuses
to undertake certain tasks on the grounds that the
work is unhealthy, dangerous, extremely boring or a
combination of all three. The introduction of robots
for this type of work is advancing rapidly in the North.
and the South consequently stands to lose as a result.
Further, decisions to move production to lower labour-
cost areas are based not only on labour cost differentials,
but more importantly on other factors, such as docility
of the labour force, and the opportunity to operate on
a multiple shift basis. Since numerically controlled
machinery and robots can work 24 hours a day with
little or no supervision, the comparative advantage of
the North will benefit accordingly.
As I suggested earlier, the new technology will diffuse
in the various countries in the North and the South at
different rates. This implies that there 'will be all kinds
of segments and niches where, on the basis of the
output-speciality-comparative advantage criterion,
international trade is bound to flourish. Further, if the
diffusion of the new technology in the North does
have a dramatic impact on formal employment
opportunities, new social contracts in the North will



















the masses will result, which will create new demand
patterns involving not only demand for foreign travel
with its consequences for the tourist industry in the
South. but also the desire to maximize the purchasing
power of given incomes, which implies changes in
international trade.
So far the information aspects of automation and the
latters impact on services in general has hardly been
mentioned. Yet, the Northern geo-technology of micro-
electronics will have a major impact on the
concentration of information: the know-how, know'
where and know-whom. This implies a further
detrimental effect on comparative advantage, since
those who control information control, to some extent,
economic and even political life. Undoubtedly the
South will also try to reduce its dependence in this
area. The more it operates as a block, the more
chance it will have of successfully reducing the degree
of dependency.
Conclusion
Microelectronic technological changes will affect
comparative advantage in the following way: a few
Northern countries, which have a lead on the basis of
R and D, practical applications and diffusion will have
a comparative advantage vis-d-vis the rest of the world
for some time to come. This may push the rest of the
North into a dependency relationbut even more so
for the South. Nevertheless, differences in the speed
and direction of diffusion amongst areas and countries
creates in itself a basis for international trade based on
differences in absolute and relative comparative
advantage. On the basis of the output-speciality criterion
trade will, in principle, remain strong within the North,
within the South and between both, although it may in
the short run decrease somewhat. Much depends on
responses made to this technological challenge in
those countries which are initially dependent. If the
response is defensive, trade may suffer. Finally, for the
NICs and possibly even for the South as a whole, the
I
flew technology may also open up new trading
opportunities. Still, the overall dependency of the
South vicd -v/s the North (although in fact differentiated
by country) will, on the basis of these Northern
developed and controlled technologies, undoubtedly
increase. However, since a similar phenomenon,
although different in magnitude, will occur in the
North itself, a different economic and political power
structure may emerge. This could imply a more
pluralistic North-South relation, which in its turn,
could affect patterns of comparative advantage and
hence the international division of labour.
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Electronics and Industrial Development
Ernest Braun
Introduction
A school of thought is beginning to emerge which
regards the electronics industry as an essential element
in the strategy of building an industrial economy. As in
a previous wave of industrialisation in which the steel
industry was regarded as fundanienndthe foundation
upon which other industries could be builtso now
the electronics industry has become a symbol of
industrial achievement. The reasons for this shift of
view are to be found in some features of the electronics
industry: its products are extremely varied and are
used in an increasing number of other industrial and
consumer products; the industry has come to be
regarded as the heart of contemporary information
society'; modem microelectronics and computing are
considered crowning achievements of the scientific
age.
The electronics industry consists of a variety of disparate
sub-branches. In a simplified scheme, we may consider
the industry to be divided into electronic components,
consumer electronics, industrial electronics, tele-
communications, and computers. Each of these sub-
branches could be further divided. The electronic
components industry, for example, manufactures active
components, now mostly made of semiconductor
materials and therefore known as the semiconductor
industry, and passive components, such as resistors,
capacitors and circuit boards.
It is very tempting to think of the semiconductor
industry as the true cornerstone of an industrialisation
strategy, because it lies at the heart of the electronic
industry by providing the bulk of its active components.
It is easy, but wrong, to identify the electronics industry
with the manufacture of semiconductor devices. It is
equally easy, and equally wrong, to confuse
achievement in the semiconductor industry with the
attainment of the general goals of industrialisation. It
is not the purpose of this article to rehearse the well-
known arguments in favour of industrial production as
an economic activity supplementary to agricultural
and mineral production, but rather to examine the
electronics industry, and particularly the semiconductor
industry, to illuminate its potential as a cornerstone of
a policy for industrial development.
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The semiconductor Industry
The products of the semiconductor industy range
from rectifiers and transistors, the so.called discrete
components, to a large variety of integrated circuits of
varying sophistication, right up to the most advanced
microprocessors and memory chips and special purpose
circuits. There are several ver, spe3ific featu yes of the
semiconductorindustry which distinguish it from other
industrial branches. The main features are: high capital
intensity; very high sophistication and dependence
upon rare specialised scientific and engineering skills;
high degree of interdependence within the industry
and with specialist suppliers; and dominance of US
know-how and US markets.
Although the semiconductor industry provides a prime
example of the successful entry and growth of very
small entrepreneuriaL firms, it also provides a classic
example of maturation of an industry. In the early
days of the industry, a few bright ideas, a little capital
and plenty of hard work went a long way toward
success. Many of the firms which started from scratch
in the I 950s and 1960s have become industrial leaders,
although many have failed to make the grade and
have disappeared into oblivion. The capital required
to enter the industry has become steadily larger,
especially the entry fee into the select club of companies
producing very large-scale integrated curnuits (vlsi).
INMOS, the company funded by British public funds
through the British Technology Group (formerly the
National Enterprise Board) has £50 mn as its starting
capital. This sum should prove just sufficient to give
the company a chance to become a major competito
in advanced memory and microcomputer chips.
Not only is the entry fee into the semiconductor
industry high:it has become a capital intensive industry
in every sense of the word. Continued need for high
capital investment has caused even some of the most
successful firms to run into cash-flow problems and to
become prone to being taken over by industrial giants
with plenty of cash. Many a proud success of
entrepreneurial skill of the 1950s and 1960s has now
become a member of some major international group
whose originslie in the dim past of industrial history.
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With increasing capital intensity, the industry is, of
course, becoming tess labour intensive and, to
compound this problem, its labour requirements are
mostly for people with highly specialised skills. For
despite this apparent maturity of the industry after
about 30 years of existence, its products and production
methods are still changing very fast, and this change is
backed by a vast army of scientists, engineers and
technicians working in research, development and
design.
Design has become a major preoccupation of the
industry, taking its place at the side of the old
preoccupation with yield of good chips per processed
waler. There are two major avenues of design: optimal
chip design for mass produced circuits and design of
special chips for relatively specialised applications.
Additionally, there is the compromise of 'customised'
design. using either standard chips or s-calted
undedicated logic arrays. Th design of the latest
microprocessorson the market takes between 100 and
200 person years of effort, despite the use of incredibly
sophisticated computer aids. Computer designs
computer. but not without the massive intervention of
teams of highly trained, highly skilled, highly educated
designers. ideally headed by chief designers of true
genius. All this enormous design effort is spent in
order to make a chip of the highest performance at the
lowest possible pricefor competition is extremely
severe and neither inferiorperformance nora premium
price are tolerated by the market.
The more specialised applications are slightly easier
to cater for. The design aims to achieve the function
without optimal use of silicon, as the price is relatively
unimportant. The design process consists of selecting
pre-designed building blocksstored in the computer
and interconnecting them suitably. An extreme
case of this approach is to have semi-finished chips
with arrays of logic gates the building blocks referred
to aboveand leave the final interconnecting stage to
M determine what sort of device it shall be. It is even
possible forsophisticated groups of specialists requiring
specialised chips to produce their own design and
have it made by a chip manufacturer in small numbers.
Hence the concept of the 'silicon foundry'. an analogy
with the casting to order of a customer's model in
metal working industries.
The number of firms capable of doing all, or even
some. (1 these things is quite small and the mobility of
people within the industry is quite high. There is of
course a premium on know-how; yet there is a surprising
degree of sharing of general information. Everybody
in the industry knows everybody else, and everyone
knows the general drift of things to come. The state of
the art and its short-term development are shared
knowledge among the initiated competitive advantage
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is gained by being jut that little bit better that little bit
sooner.
The vast amount of research effort does, of course,
produce a large number of new devices and, infinitely
more important, new ways of making new devices.
Much of the vital detail of this information is kept
confidential. Anything that cannot be kept secret is
covered by patents and there is a lively trade in patent
licences amongst all the manufacturers. The aim of
the game is to exchange licences, rather than pay
licence fees. Only by having a valuable portfolio of
patents is it possible to make sure that other people's
vital patents will be available when required.
All these features show an extraordinary degree of
interdependence within the industry. Fierce competitors
they may be, but they all know that they are in this
business together. But who are they? Predominantly
the American temiconductor industry, with the
Japanese, after years of strenuous effort, now just
about joining in as equal partners. A small handful of
European firms are also now among the important
semiconductor manufacturers, but there is no doubt
that they gained this status by purchasing American
firms and thus joining the semiconductor community
on its home ground. The current leaders of the industry
are listed in Table 1.
Another aspect of interdependence, true of industry
in general but especially marked in the most advanced
industries, is the dependence of each manufacturer
upon a host of specialist suppliers. The manufacture
of integrated circuits requires raw materials, chemicals.
scientific instruments, optical and mechanical
equipment and many other advanced items of great
sophistication. In order to keep up with developments.
the manufacturer must be in constant dialogue with
his suppliersa two way trafficot ideas and possibilities.
An industrial system is in fact just thata network of-
interconnected units each dependent on many others.
This aspect of industry makes industrial development
much harder, particularly in the most advanced
industries.
Although all theglamour seems to be in the manufacture
of the most sophisticated integrated circuits, much of
the business is still in more technologically 'stable'
discrete components and integrated circuits with few -
components. The market for discrete components is'
quite substantial and theirmanufacture is also becoming
more sophisticated. Nonetheless, this is the simpler
part of the business and might still be accessible to-.
new entrants, especially if these were aided by some
protective measures.
On the whole, it seems quite clear that to enter intO
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just about the most difficult and least effective way of
entering industrial production. The dice are loaded
against the newcomer with a small home market,
short of capital, short of skilled manpower and rich
only in unskilled labour. The disadvantages become
less formidable as one goes down the scale from
massive integration, to special purpose integrated
circuits, to discrete semiconductor components. But
if less formidable the going is still tough, and the rest of
the electronics industry may provide better oppor-
tunities than active semiconductor components.
Consumer electronics
The consumer electronics industry uses electronic
and other components to assemble electronic goods
for final consumption by a mass market, eg radio
receivers, television receivers, pocket calculators, tape
recorders. By its very nature, this industry does a lot of
assembly work which can be quite labour intensive.
The range of components a manufacturer produces
internally as opposed to buying in can vary greatly,




























































covers a wide range, from simple radios to complex
video recorders. Clearly a domestic industry can start
frOm almost pure assembly of simple equipment-
achieving mainly import substitution and some
employment-and can gradually build up expertise to
widen the range of both home produced components
and final products.
With the right policies, giving high priority to training
and a gradual shift from assembling foreign parts to
truly home based manufacture, the consumer
electronics industry can go beyond mere import
substitution to genuine industrial development. The
value added in this industry consists, at least in large
part, of relatively simple operations, whereas ir
semiconductor manufacture, value is added almost
entirely in complex processes. In consumer electronics
there are many degrees of choice-from simple
assembly of simple products to full manufacture of
components and the assembly of elaborate products.
Ready access to a substantial home market is a further
point in favour of consumer electronics as a starting
point for an electronics industry.
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Industrial electronics and computers
Much that has been said about consumer electronics
4 applies to industrial electronics. The range of products
in this sector is very large, but assembly plays a
substantial role in the production process. The main
difference between the two sectors lies in the
marketwhile one caters for personal consumption,
the other caters for industrial users. Clearly, the latter
market depends on industrial needs, and marketing
can only be done by very close contact between
potential user and potential supplier. In fact the
industrial electronics sector is typically part of the
industrial user supplier system, which depends on
close links and a good flow of information. The
success of an industrial electronics sector thus depends
not only on what other industry exists, but also on the
level of cooperation between the electronics sector
and the other industrial sectors.
As process control and other industrial applications of
electronics depend on the use of microprocessors,
which can be bought quite cheaply on the world
market, technical success depends on clever design ofIi software and on sensors, actuators and system
engineering. The production of application specific
software is one of the cornerstones of industrial
electronics, and competence in it can bypass the need
for very specialized components. Training in systems
engineering and programming are thus essential
ingredients in the development of an indigenous
industrial electronics sector.
The computer industry has become an almost separate
sector, and it too spans a very wide range of products.
L
There are the industrial giants producing large, very
expensive and very sophisticated mainframe computers.
This industry is almost comparable to the aircraft
industry only a very few international giants can
supply all the needs, and competing with them is quite
impossible. On the other hand, there are now hundreds
of small manufacturers producing very small and
often very simple computers ranging from the
consumer-oriented home computer to the more
sophisticated machine aimed at the small business. In
between is a range of medium-sized computers used in
larger office applications, in industrial control, in
distributed tnodes where several smaller computers
add up to quite a large instaUation, in scientific work
and in many other ways. The rules of the computer
would seem to be that today's smaller machine can do
what yesterday's larger one could, but at very much
lower cost.
From this, it would appear that entry into the computer
industry is really only possible at the lower end of the
tmarket.
At that end, a few clever systems designers
and programmers can go a long way towards a viable
'S
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product. The production consists largely of assembling
bought-in parts, with only a few specially fabricated
for the particular application.
Before leaving the electronics industry itself to discuss
the implications of electronics for the performance of
other industries in world markets, the question of
'strategic dependence' must be raised. It has been
argued that any country aspiring to the status of an
industrial power must have its own capability for the
manufacture of semiconductor devices, including very
large scale integrated circuits. This argument is based
on the assumption that the semiconductor industry is
fundamental to all other industries because semi-
conductors lie at the heart of electronics, and electronics
is at the heart of much modern equipment and
machinery, The argument goes on to assert that no
country can afford to depend on any other for the
supply of something as vital as semiconductor devices
because supplies might be cut off and because domestic
design becomes dependent on crucial foreign inputs.
There are numerous counter arguments to making
semiconductors the cornerstone of a strategy of
industrial independence. For although semiconductors
may be seen as fundamental, they are not a good
foundation on which to build industry. The industrial
and economic system of any country is linked in
multiple ways to the world economic system, and it is
hard to see why dependence in the semiconductor
area should be worse than dependence in any
otherenergy, metallurgy, plastics, pharmaceuticals,
food, machine tools. In any case, the semiconductor
industry itself is dependent on a vast variety of inputs,
from silicon crystals to advanced photographic
chemicals to computer-aided design. It would verge
on the fantastic to believe that any small or medium
country could build up the full range of industrial and
service facilities required to run a modern, self-sufficient
semiconductor industry. In any case, it is no more
likely that the world market in semiconductors should
become closed to any particular country than that any
other market should become closed. Why should it be
more acceptable to depend on the world market for
chrome, or paper, or penicillin, or fighter planes, than
for integrated circuits?
Microelectronics in industry
Microelectronic devices, that is integrated circuits
and associated electrortic components forming compact
devices for the performance of a variety of tasks, have
spread into many uses. The main functions performed
by such devices are the storage and manipulation of
information. Information may consist of anything that
a suitable transducer can transform into a series of
electrical signals. Thus the values of physical and
chemical variables, such as specific gravity or
temperatu
of an engin














































temperature, may be regarded as information; details
of an engineering drawing may be stored as information;
and so. of course, may verbal or numerical information.
Because the manipulation, storage, display and
transmission of information is an important economic
activity in itself and also underlies activities such as
manipulation of materials, control of processes and
shaping of artefacts, microelectronic devices have
penetrated into a wide range of economic activities.
We use computers of all shapes and sizes, from
mainframe universal computers to specialised
applications of microprocessors, to handle office
information and administration data, to control machine
tools, to control robots for the handling of materials or
tools such as spot welding guns, in telephone exchanges,
in process controllers from chemical plant to domestic
central heating. Perhaps the lumping together of so
many varied applications of microelectronics in a
short paragraph may serve to highlight two essentially
different features of the technology: it can save
labour in labourintensive occupations in handling and
assembling materials or information, and it can enhance
the performance and quality of some products.
Clearly. labour saving is advantageous only if an
overall saving in cost is achieved or if there is a
particular shortage of labour. Such a shortage may
exist even when there is no general shortage, and may
concern some particular skills, or the unwillingness of
labour to perform some unpleasant task. In general,
the labour saving capability of microelectronics will
rarely give a strong competitive advantage to developing
countries. In fact the reverse is true: labour saving by
electronics in advanced countries may erode the
competitive advantage of cheap labour in some
activities in developing countries. Occasionally labour
saving is so great that it makes a task possible which
previously might have been virtually impossible. This
applies mainly to the capabilities of large computers
to sort and sift large quantities of information which
would defy an army of clerks.
The enhancement of the performance and quality of
products is the one aspect of microelectronics which
nobody can ignore. If, for example, the engines in
some motor cars are electronically controlled and this
improves their performance in a cost effective way,
then after a short time no manufacturer of car engines
can remain in an internationally competitive business
without achieving comparable performance at similiar
cost. The substitution of electronic controls for
electromechanical devices in telephone exchanges,
typewriters and process controllers of all kinds falls
into the same categolya superior technology at
advantageous cost cannot be ignored without erosion
of competitive position.
Comparative advantage
The crux of any industrial strategy must be comparative
advantage. But because comparative advantage
depends upon particular circumstances of time and
place, only very broad generalisations are possible
and detailed decisions must vary from place to place
and time to time.
Multinational corporations can often be induced to
place some parts of their manufacture of semi-
conductors and electronics in developing countries.
This can be worthwhile if it provides employment and
foreign exchange, but it can be infinitely more
worthwhile if it also provides a training ground for
skilled labour and promotes further economic
development by local purchases of supplies and services.
The degree of off-shore involvement of the corporations
varies from time to time, as the labour intensity of
processes changes and with economic incentives on
offer. Currently, automation in the production of
semiconductor devices seems to be increasing and
therefore the scope for off-shore activities is decreasing.
For discrete components and electronic equipment
the situation is somewhat different and there is scope
for investment by multinationaL corporations. The
benefits from such investment are undoubtedly subject
to local policies and circumstances.
Developing countries have the advantage of cheap
and willing labour, and this can be an incentive for
locating relatively labour intensive operations. Whether
such operations are financed by foreign or home
based corporations. the main economic benefit to a
country must come through training and infrastructural
developments. This is why the advantages of consumer
and industrial electronics were stressed earlier. For in
these industries it is possible to take advantage o.
labour intensive assembly, and yet build up expertise
in electronics and gradually increase the domestic
component in the total value added.
As comparative advantage is so specific to time and
place, the only principle that can be enunciated is the
need to seek out comparative advantage and, as a
corollary, to avoid comparative disadvantage.
pernr Clarke and Vincent cable
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recent years the electronics industry has become a
'nsiderable focus of attention for Third World policy-
bakers because of its apparent success in generating
substantial employment and growth opportunities in a
,mited number of Asian and Latin American newly
dusfflalising countries (NICs). It is the potential for
litatinct the successful experience of these countries
at has attracted much interest and considerable
policy effort by a group of poorer developing countries
South and South East Asia. These countries have
Lempted to foster an electronics industry by attracting
oreign investment for the manufacture of components
and assembly of consumer appliances, by encouraging
transfer of technoloc' and by building up domestic
frastr'cture and skilled manpower.
However, it is clear that the circumstances in which
se countries have embarked upon this road are
)" .nificantly different, in that policy-makers in the
Justrialised countries are becoming increasingly
sensitive to increased import penetration both from
pan and from less developed Asian countries Cable
d Clarke 1981J. In Britain, quota action has been
ed against Taiwan and South Korea to obtain
'voluntary export restraints', and Thailand is the latest
country to be faced with restrictions (in black and
hite TVS).
he main aim of this article is to assess likely future
developments both for the more advanced NICs and
r the group of poorer Asian developing countries.
oe essential (though difficult) component of any
uture-gazing in this industry is the need to assess the
likely impact of future technological change. The
)st significant problem facing the more advanced
Cs especially South Korea and Taiwan) in thisarea
the extent to which they will be able to improve
productp.itv and product quality through the
this artc(e the Asian electronics industry' is taken to
Jude South Korea. Taiwan. Hong Kong. Philippines,
Ingapore Indonesia, Malaysia, Thailand and Sri Lanka.
The larger economies such as China and India, which have
'pted different development strategies for their electronics
Just than that typically adopted in the countries named
v are excluded.
rhe Asian Electronics Industry Looks to the Future
Th,:itn. i'', t. n,2. Insatuteot Oloprnent Stud(es. Sussex
introduction of automation, both in the production of
components and in the assembly of consumer items.
Whether these countries are capable of achieving
such targets will largely determine whether they can
reverse the emerging trend by which industrialised
countries have attempted to forestall the otherwise
predictable drift of productton Capacity to ldcs. by
encouraging similar technological improvements in
their own firms.
The character of the Asian industry
As Table I shows, the four South East Asian NICs
(South Korea, Taiwan, Hong Kong and Singapore)
continue to dominate exports of electronic products
from all developing countries, accounting for nearly
80 per cent of all exports in 1978. Moreover, this
dominance is growing. despite substantially increased
exports from Mexico and Brazil during the 1970s and
the extremely rapid growth displayed by newcomers
such as the Philippines. Malaysia and Thailand. In fact
sustained high growth by the four NICs has meant that
their share of Ide electronic exports has increased
from 60 per cent to So per cent during the years 1967
78.
The most obvious explanation for the spectacular
performance of the NlCs is the comparative success
of a development strategy based upon the attraction
of foreign direct investment by mainly US and Japanese
multinational electronic companies in the components
and consumer appliance industries. These companies
were originally attracted by the lure of low labour cost
production sites (particularly in South Korea and
Taiwan) as well as a generous range of investment
incentives.
In strong contrast, most South American countries (eg
Brazil and Artentina( and India were less concerned
to boost exports of eitnsunier products than to establish
a more selireliont and broadly based electrical
engineering industry. The iitdusries of these countries
have instead been characterised by restrictions on
foreign ownership and the free flow of imported
inputs IUNCTAD l')7$ The Asian industries owe
much of their present character to the form MNC
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Growth of exports ol electrical machinery from developing countries ISITC 72)
(US S mn)
1967 1973 1976
Singapore 18.5 387.8 885.2 1568.4
Taiwan 38.6 741.8 1194.7 1487.O
Korea 7.4 312.5 805.6 1252.2
Hong Kong 108.9 583.7 990.8 1228.9
Mexico 136a (410.5) (723.6) na
Malaysia 2.4 11.3 206.4 524.7
Yugoslavia 80.8 240.5 351.6 417.0*
Brazil 5.4 87.1 202.7 346.5
India na 31.4 85.3 102.7
Thailand 0.4 1.8 48.0 64.8*
Argentina 2.9 32.9 37.0 47,4*
Indonesia - - 31.6 32.6'
131 Philippines - 2.2** 6.4 25.9
total 285.7 2873.7 5653.2 7200.8
(14) as % of total 60.7 70.5 68.6 76.9
1960s and early 1970s took the form of direct investment
and wholly owned subsidiaries producing for the world
market. Two types of product and activity dominated.
The first was the assembly of imported components
into consumer appliances such as radios, tape recorders
and, later, monochrome and colour television. Major
investments were made by American companies such
as RCA in South Korea. Taiwan and Singapore for the
assembly of colour TVs for the US market. This lead
was soon followed in the early 1970s by the Japanese
MNCs. who invested in order to create major
production bases in South East Asia for export and to
avoid the threat of rising protectionism facing Japanese
sourced products in major industrialised country
markets.
A similar pattern emerged in the component industry,
particularly following the mass production by American
companies of integrated circuits in the early 1970s.
Companies such as Texas Instruments and National
Scmiconductor were anxious to take advantage of the
low labour costs in those parts of the production
process for semiconductors (assembly, testing and
packingl which were labour intensive. Despite the
highly dependent form of such specialisation,

















Source: UN Yearbook of International Trade Statistira 1978 and P. Pleach, 'Developing countries' exports of etectronies and
electrical engineering products'. World Bank Working Draft table 5.
Notes: 1977 ** 1974
aMexican exports have been modified to reflect border assembly industries. Figures in brackets are estimates.
theless been largely responsible for the growth of
employment and exports in Malaysia and the
Philippines.
However, there were important technological differ-
ences between these two branches of the industry
which have considerably affected the type of ownership
and degree of involvement with foreign companies.. In.
the consumer electronics sector there is a range of
products (portable radios, tape recorders and black
and white TVs) in which product design has become
fairly standardised, and as a result technological change
through product and process innovation has become
incremental rather than fundamental. It has therefora
been possible for nationally owned producers to emerge
first in the NICs and now in a wider group of Asian
countries. This has usually occurred with active
participation by the MNCs whether through joint
ventures (as in South Korea) or licensing (including
Original Equipment Manufacturers (OEM) arrange-
ments in which exports are marketed under the brand
name of a Western manufacturer). There is evidence
also of a gradual building up of domestic sources of
supply for the major components required by the
assembly industry.
The process has gone furthest in South Korea, Hong
Kong and Taiwan with the emergence of large
indigenous producers of consumer electronic
appliances such as Samsung, Goldstar, Tatting, Radofin
*and Timco. Most of these started manufacturing under
licence to MNCs, but increasingly the majority of their
earnings come from products of their own design sold
under their own brand names both in the Asian region
and in Western countries through independent
importers or direct to retail stores. The larger Korean
firms such as Samsung now provide nearly all of their
component requirements from domestic sources,
including the more technologically advanced
components such as semiconductors and colour
cathode ray tubes. The largest firms have substantial
R and D departments.
These are exceptional, however, and most producers
even of the standardised items have links with MNCs,
especially the Japanese. The role of the Japanese
companies in providing technological know-how to
the NICs has been somewhat ambivalent, since although
they were apparently willing to assist the development
of standardised or 'mature technology' products such
as simple audio equipment and monochrome TVs, for
commercial reasons they have tended to keep a much
tighter control of technical know-how in more advanced
products and processes where technology has been
'. changing more rapidly. It has also been claimed that
Japanese producers of essential components such as
colour cathode ray tubes have even in some instances
withheld supplies in order to provide a commercial
advantage to those NIC firms with technical co-
operation agreements with the Japanese. The pattern
of Japanese involvement in Asia has therefore been
mainly to build up production of standardised
technology products. However, apart from the largest
South Korean and Taiwan firms, the price of reliance
on Japanese companies for know-how in consumer
electronics has been a heasy dependence on Japanese
sourced component supplies:
Asian nations are now established as the supply
base of consumer electronic appliances for the
world. . . they are nevertheless heavily dependent
upon Japan for supplies of integrated circuits,
precision component parts and colour TV
components. They import more than 70 per cent of
their needs from Japan.
lfournal of the Asian Electronics Union (JAEU),
July 1981j.
Despite the successes of the South Korean and Taiwan
industries and the introduction of restrictions on foreign
investment in recent years, it is clear also from Table 2
that foreign involvement is still substantial in these
countries, at around 45-50 per cent of total production.
Levels of foreign ownership are even higher in the
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second ranking group of Asian producers, with levels
of over 90 per cent being the norm. The same is true of
Singapore, where over 80 per cent of production is by
wholly owned subsidiaries of MNCs (mainly Japanese
but now also European).
Dependence on MNCs is even higher in the case of
technology intensive components such as integrated
circuits and microprocessors, where the product life
cycle is short and rates of innovation high. In general it
has been extremely difficult for Asian countries to
develop a domestic production capability in this sector,
partly through lack of know-how but also due to high
rates of innovation which render such components
obsolete within a short space of time. Nevertheless,
there are examples amongst the advanced NICs where
locally owned firms have emerged oradditional foreign
investment made as a result of linkages to MNC
component makers. Moreover, as some Hong Kong
firms have shown, assembling advanced technology
components can hav' its benefits, since locally available
components can be used to design brand new products.
For example, Hong Kong's recent 'miniboorn' in the
production of hand held electronic gaines was largely
the result of the fact that in 1977 several US firms set
up offshore processing facilities for the construction
of microprocessors which were assembled from kits
imported from the USA. At first many of the locally
owned firms such as Radofin worked on a sub-
contracting basis, but they soon diversified into other
product areas using the available supply of micro-
processors to produce a host of advanced technology
products, including electronic watches, printing
calculators, teletext adaptors, viewdata receivers and
video games. Firms such as Radofin have shown a
considerable capacity to combine locally available
components with in-house design skills and sub-
contracting deals which have given access to technically
advanced products. The company has in fact recently
developed its own viewdata receiver manufactured to
British Telecom standards and capable of converting
any PAL2 TV set into a viewdata terminal, at a price
below most of its competitors. Other Hong Kong firms
have been designing and making automatic language
translators and producing some of the latest products
such as programmable calculators.
Future prospects for electronics in
Asian Ides
The future development of electronics in Asian ldcs
depends partly on internal factors and national policies
but, as we have noted, the industry is still so heavily
export orientated and dependent upon foreign capital
that much also depends on external factors over
which governments may have little control. Enough
2PAL (Phased Alternating Line) is the main transmission

















Hong Kong 2,000 consumer appliances 68
industrial appliances 2
components 30























































































Source: Journal ofthe Asian Electronics Union
has already been said to indicate that the Asian
industry can be usefully divided into two distinct
categories (excluding the large and more self contained
economies of India and China). The four NICs represent
one group in which sizeable national firms have emerged
in an industry which has proceeded some way toward
technological independence and high local sourcing
levels in at least some products. The second group is
composed of a growing number of technological
followers' including Malaysia. Thailand, Indonesia,
Philippines and now Sri Lanka. As Table 2 shows, this
group of followers' is characterised by a very high
degree of dependence on foreign investment, and
where exports are significant (eg Malaysia and the
Philippines) they are mostly of components such as
integrated circuits and other semiconductors.
The 'followers'
All of these countries are still at the stage of assembling
consumer appliances from imported components
predominantly for the domestic market, but they have
reached different stages in the process of building up
local content levels. Moreover, some of these countries
have also established a significant export trade in the
component sector.
Malaysia. arid to a lesser extent the Philippines, have

























61,000 and 34,000 respectively by concentrating on
the export of integrated circuits which for the most
part have been produced by MNC subsidiaries in Free
Trade Zones with few linkages to the domestic
economy. The concentration on increased exports
and employment is also noticeable in the consumer
appliance sector in the emphasis on production of
simpler technology products such as radios and radio
cassette recorders, whereas TV production is
negligible.
Indonesian development has largely been confined to
the production of consumer appliances for the home
market, but there is an emerging export surplus of
more advanced products such as monochrome and
colour TVs. Thailand is also starting to export consumer
appliances, including TVs, from an industry hitherto
based on home demand. The Thai industry has.
moreover, been growing rapidly, but dependence on
imported components remains high (it is estimated.
that only about 10 per cent of value is added local1y).
Nevertheless the scope fordomestic entrepreneurship
seems wide and there are currently seven large-scale
radio and TV factories, 20 small-scale assemblers and
a growing cottage industry'radio repair shops and
wholesalers who assemble and market copies of popular
models. It is claimed that nearly a tird of domestically

































Malaysia 990 90% components 75 61
Thailand 106 90% consumer
appliances
10 40
Sri Lanka little small production of
radios
- na
A common aim of many of the governments of these
countries is to promote the expansion of the consumer
appliance sector because of the scope for gradually
increasing the share of components coming from
nationally owned producers. whilst at the same time
maximising the technological spin-offs from foreign
capital investment, for example. in Thailand,
the government through the Board of Investment
has placed the electronics industry on its prionty list
for production privileges because it recognises that
the industry is export orientated, labour intensive,
uses advanced teehnologies and provides linkages
with a wide range of other activities.
(JAEU. February 19811
The Philippine Government in particular has also
embarked on a large-scale education programme
designed to provide specific engineering skills to the
growing industry. However, the building up of the
consumer appliance sector in these countries remains
highly dependent on Japanese firms, most notably in
the more technologically advanced products such as
TVs and music centres.
The four NICs
Governments of the four Asian MC producers have
several interrelated objectives for the future of the
electronics industry; to achieve higher value added,
improved quality and more diversity in their product
range; to reduce labour intensity in the production
process (because of emerging labour shortage); to
develop a capacity to produce the latest and most
sophisticated products and to carry out a greater
degree of R and D domestically. Clearly the extent of
government involvement will vary considerably from
the more organised' and dirigiste' approach of South
Korea to the more entrepreneurial style of Hong
Kong, with the other two countries somewhere between
these extremes. Korean firms (with government.
backing) plan ahead and then embark on large-scale
production of relatively new but well defined product
areas, with as much local technological and material
content as possible.. Hong Kong's fexib)e and adaptive
businessmen, on the other hand, have been more
successful in anticipating and responding to shifts in
fashion, but have been less concerned to build up the
supporting infrastructure and linkages for large-scale
Eaminaion of iectronic component.s
industrial production ('speculators rather than investors'
as they have been described).
Based on their past performance, the capacity of the
NICs to achieve their objectives is likely to be varied.
In fact. South Korea and Taiwan have gone furthest
towards formalising and achieving their stated
objectives. In the past, priority has been given to
reducing dependence on imported components which
are often in short supply (and may be deliberately
withheld in some cases) and at the same time to
reduce their role as exporters of specialist
semiconductors. In the consumer appliance sector
South Korea and Taiwan now provide nearly all of
their component requirements from local sources
(Korea now has 85 per cent local components in its
colour TVs). Even components such as semiconductors
and colour cathode ray tubes, which were until recently
imported exclusively from Japan, are now being
produced by large indigenous firms like Samsung and
Tatung. Korea has also maoaged to reduce its
dependence on components by cutting the share of
these products in the total value of electronics exports
from over 80 per cent in 1970 to well under 50 per
cent. Less organised Hong Kong remains more
dependent. and manufacturers of consumer appliances
typically import around 60 percent of their component
needs.
The future objectives f the NICs are reflected in the
forward plans and policy statements made by their
governments. For example. South Korea has recently
announced a 'Basic Plan for Promotion of the
Electronics Industry'. According to the Chairman of
the Korean Electronics Association the main aim is to
'foster development efforts in order to achieve the
automation of production facilities, the improvement
of product quality and the development of new
product IJAEU, July 19811. The Plan calls for the
rationalisation of existing production facilities for
consumer appliances such as TV and audio equipment
and for the establishment of domestic production of
video cassette recorders (VCRs) and video discs. In
tandem with this it is recognised that product quality
must also be improved. an4 the latest technical advances
are taken account of in a whole range of consumer
appliance components, including coloured cathode
ray tubes, silicon wafers, liquid crystal displays and
high density printed circuit boards. The Koreans have
also placed particular emphasis on the development
of more advanced technology products including semi-
conductors, computers, computer peripheral and
terminal apparatus, and the development of Very
Large Scale Integration (VLSI).
A similar approach has been adopted by the Taiwan
government, which is also attempting to promote
technology intensive operations by providing
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government assistance for R and D. This is designed
to improve production techniques, to develop new
products and to provide quality testing equipment.
Even in Hong Kong, whose authorities have been less
actively involved, it is officially recognised that there
should be an effort to increase product and process
innovation, and efforts are being made to 'concentrate
on skill and technology intensive operations and to
pay more attention to manpower training and the
provision of adequate support facilities' I Hong Kong
Government 1979:131. The Hong Kong authorities
have also encouraged businessmen to diversify into
technologically advanced sectors such- as micro-
processor-based industrial control equipment, data
processing and peripherals, and microcomputers, as
well as a new generation of components (large-scale
integrated circuits, high reliability printed circuit boards,
connectors and interconnection systems).
The objectives of the NICs suggest chat in the future
they are aiming to combine the advantage of relatively
low labour costs with- more advanced technology in
the production of consumer appliances and
components. In the range of existing products this
implies 'capital deepening' technical innovation
involving in this case the increased use of automated
machinery in the production process. In the consumer
appliance sector it is in the production of colour TVs
that the major technical advances have been made, so
far mostly by Japanese firms. The introduction of
automatic insertion equipment in this sector is also
linked to improvements in product design which have
tended to reduce the n umberof components perset.
If NIC firms were able to adopt the best Japanese
practices this would tend to reduce the hbour
component in set production and encourage the
adoption of more capital-intensive automated
production techniques which would simultaneously
improve product quality and overall cost competi-
tiveness. In this way they would keep one step ahead
of both Japanese exporters and industrialised countries
like Britain, which are trying to stay in the colour TV
business by adopting Japanese production techniques.
However, despite the success of large NIC firms in
recent years, their ability to carry out such far-reaching
reforms from their own resources is likely to be
limited. Most of the larger Asian companies have their
own R and D divisions, but their capabilities and the
extent of these resources should not be overstated.
For example, in terms of product and process
technology it has been claimed that South Korea is
trailing 15 years behind Japan, and- the gap may be
widening, since R and D expenditure of Korean firms
is put at only 1.3 per cent of sales revenue, a third of























































The achievement of government objectives in this
sector seems to imply the necessity to forge technical
cooperation deals with the most advanced (Japanese)
firms (both consumer appliance and machine makers).
In Korea it is hoped that this canbe done by acquiring
licences involving the payment of royalties which
generally range from three to four per cent (but may
be as high as 10 percent) of the product selling price.
Although these policies have proved successful in
more standardised areas of product and process
technology, it is apparent that Japanese firms (even in
the case of joint ventures) have displayed a reluctance
to sell licences for more advanced technology. As
Scibberas [1979J has pointed out. Japanese firms prefer
to transfer know-how only for 'simple products such as
black and white sets and simple colour portables,
using older technology in tubes and semiconductors'.
The same is apparently true of innovttions in process
technology since 'with the exception of subsidiaries of
some Japanese firms all assembly in the developing
countries was done manually'. Japanese producers
have also been unwilling to provide Korean firms with
technical know-how for new products such as VCRs
and video discs.
Nevertheless, despite the apparent reticence of Japanese
firms to provide advanced technical expertise, another
source may be European consumer electronic firms
which are showing increased interest in NIC production
sites as they undergo considerable restructuring in the
face of severe Japanese competition. For example,
Philips has recently declared:
we would like to be able to close some of these
(European colour TV plants) and concentrate
production in one or two locations and if need be
move production to cheap locations offshore (eg in
the Far East).
[Economist, 28 June 1980
In fact, the expansion of colour TV exports to Europe
by Asian countries has been severely restricted in the
past by the PAL system of patents which effectively
prevented non-licensees from exporting larger screen
sizes to Europe.3
However, the protective effect of the licensing system
will decline as the licences begin to expire in 1982-83
and as more companies are granted licences. As yet
only Japan and Singapore-based manufacturers have
3Companies wishing to produce sets for markets in the PAL
systetn( ie Europe) are required to take out licences from the
West German manufacturer, Telefunken. Eleven Japanese
companies and some Singapore and Hong Kong based
manufacturers have been granted the licence, but Korean
and Taiwan hrns have been esdudeit However, Telefunken's
main licence expired in 1980 and the rest of the PAL patents
begin to expire in 1983.
been licensed, but South Korean, Taiwan and now
Thai firms are all currently negotiating on royalties
and licensing. In fact, European firms seem to be
increasingly willing to enter into technical assistance
agreements with NIC firms and in some cases to
engage in foreign direct investment. For example,
Philips already has a portable colour TV factory in
Singapore operating within the PAL licence system.
and as a result there has been a rapid export expansion
to Europe (Singapore provided 12 per cent of all UK
colour TV imports in 19'79).
Thomson-Brandt also operates a wholly owned
subsidiary in Singapore (European Standard Elec-
tronics) producing portables to PAL specifications.
AEG/ Telefunken has recently reached an agreement
to produce colour TVs in Hong Kong for export to
Europe, and had previously entered a technical
assistance agreement with the Singapore firm 'Roxy
Electric', which now produce colour portables to PAL
specifications.
This increased involvement of European firms is likely
to lead to improvements in local standards of product
design and production technology, but it is increasingly
apparent that N1C quality and design standards have
been improving anyway. This has occurred in South
Korea, where 'established makers of CTVs have plaus
to upgrade their product lines. . . by introducing new
models with high end features', and in Singapore,
where new models have fewer components and.
increasingly sophisticated optional features such, as
sensor touch switches, remote control devices and
stereo sound [Asian Sources, Electronics, November
1980:101.
Over and above the difficulties involved in obtaining
satisfactory collaboration with Japanese TV finns,
there is an additional problem presented by the
predominance of Japanese firms in the production of
automatic insertion equipment (Matsushita Electric
Industrial company is the main supplier in this field).
Nevertheless, Universal of the USA is also a major-
producer and may be more willing to set up licensing
agreements. Some machine makers have in. fact
experienced increased sales both to Europe and South
East Asia (South Korea and Taiwan) [JAEU, July
1981
There are also signs that at least in some South East
Asian subsidiaries of major Japanese manufacturers
the level of automation is increasing, where it is
justified by sufficiently high plant volumes. For example,
Hitachi Singapore (whose main markets are the USA,
the UK and China) have embarked on an ambitious
plan to double the level of TV production to over
300,000 units per annum using computer controlled




Nevertheless4 we shall briefly examine three of the
most significant determinants of future growth in this
industry and in this range of products; the level of
domestic consumption, the international trading
environment and the effects of technological change.
Regarding the last of these, it is apparent that
technological advances made in products such as
colour TVs have made it possible for the industrialised
countries to contemplate the possibility of halting or
even reversing the previous trend towards increased
ldc production in the consumer appliance sector.
By increasing the skill component and capital intensity
in production of colour TVs these developments will
clearly make it more difficult for the NICs and the
'followers' to compete because their comparative
advantage still lies mainly in the production of electronic
products of standard design and in labour intensive
assembly operations. This obstacle is particularly large
in the case of the followers', such as Thailand and
Indonesia, who are attempting to 'trade up' into the
production of colour TVs and other more advanced
products. The NICs are likely to be less affected by
these developments, provided that they are able to
improve product design and quality and are capable
of adopting 'best practice' (Japanese) production
techniques. The product and process innovations that
have been made by Japanese firms have significantly
raised productivity levels as well as markedly improving
product quality and reliability.
Until recently these technical advances had been
mainly confined to Japanese firms, but it is increasingly
apparent that European companies are attempting to
emulate them. A measure of the technological lead of
the Japanese companies is that in 1978 Japanese
consumer appliance firms had an average of 70-80 per
cent of all components automatically inserted in the
production of colour TVs, compared to as little as 15-
30 per cent in Europe and as.yet negligible amounts in
South Korea and Taiwan. Earlier research indicated
that European countries are keen to restructure their
domestic consumer appliance industries both by
encouraging indigenous companies to upgrade products
and automate the production process, but also (as in
Britain, for example) by encouraging foreign direct
investment by Japanese MNCs. The same is also true
of component production where product quality and
levels of automation are increasing in. industrialised
country plants.
The strategies of the Japanese companies are the main
unpredictable element because the adoption of 'best
practice techniques', either by the NICs or by
industrialised countries such as the UK, is likely to be
dependent upon their capacity to attract foreign direct






















































The NICs also have ambitions to diversify their
electronics industry into the production of advanced
Ltechnology
components, into new product areas such
as computers and new branches such as industrial
electronic testing equipment. It is possible to point to
some successes in this sphere For example, some
Hong Kong firms are said to be capable of designing
and producing sub-systems for computers, and some
manufacturers have also demonstrated the capacity
to design circuitries for sub-assembly components, to
meet the requirements of overseas buyers. It is also
apparent that the NICs have been moderately successful
in building up backward linkages in the production of
some of the more standardised integrated circuits
ICs. These have included crystal growing and circuit
design. but also the production of connectors and
interconriectors which are key components in
microprocessors. There are at present only six plants
in the world producing connectors and interconnectors,
and the latest is being built by Dupont in Singapore.
Other advances have been made by the major NIC
consumer appliance manufacturers (eg Samsung), who
produce nearly all of their semiconductor requirements
t in-house. A Hong Kong firm, Micro Electronics Ltd, iscurrently making silicon wafers for local productionof integrated circuits, and two Taiwan firms are also
making standardised ICs for use as memory chips in a
wide variety of local consumer good applications.
Nevertheless, there are serious constraints on further
advances in an area where technological change is so
rapid and the R and D commitment by individual firms
needs to be so great. This is likely to make future
developments heavily dependent upon foreign
investment and technical link-ups with leading firms.
In fact, major progress still needs to be made in the
development of an indigenous production capacity.
even in standardised integrated circuits, and what has
been said of the Hong Kong industry is generally true
of the NICs as a whole:
very few local companies are capable of producing
these items integrated circuitsj from the basic
material, silicon wafers, and most companies import
completed wafers and perform assembly and
preliminary testing operations.
Hong Kong Government 1979:101
Future growth
Predictions of future developments in production and
trade in electronics are far more speculative than in
other product areas. Since Asian exports are heavily
orientated towards the markets of the industrialised
countries, the level of exports is generally highly
sensitive to the level of overall demand in these
markets. The nature and impact of technological
in nos ation is also difficult to predict, as are the strategic
interests of MNCs.
Unfortunately for the NICs Japanese firms seem to be
increasingly turning their attention to the industrialised
countries:
in the past, Japanese producers directed their
attention to Asian countries as a place for overseas
production but there is now a move to divert
investment to developed countries in North America
and Europe ... no substantial expansion beyond
the current fairly active situation is expected from
Asian countries as production bases.
LJAEU, July 19811
One of the main reasons for this re-direction of footloose
foreign investment from ldc production sites is increased
protectionism in industrial country markets. This threat
seems to have affected a number of investment decisions
by Japanese companies but the same is increasingly
true of the major Korean and Taiwan firms. For
example, the Korean firm 'Gold Star' recently opened
up a plant at Alabama, USA and other Korean
manufacturersSamsung and Taihan Electric
Companyare contemplating producing colour TVs
in Europe and the USA respectively. The Taiwan
firm. Tatung. has recently acquired the Racal/Decca
plant which was closing in the UK, and it now plans to
produce monochrome and colourTVs for the European
market,
Increased protection in industrialised countries also
has a more direct effect by restricting demand from
the industrialised countries for electronics products
produced in Asia. Current restrictions take the form
of non-tariff barriers (eg voluntary export restraints in
the UK, orderly market arrangements in the USA)
which enforce quotas. mainly against the NICs at
present but increasingly also against other Asian
producers. However, as they stand, restrictions mainly
cover mOre technologically sophisticated products
such as colour TVs and music centres, although in the
case of the UK black and white TVs are also restricted.
This is because pressure for protection is weaker in
technologically simpler products like radios and tape
recorders, production of which has almost disappeared
from many industrialised countries, and whose former
producers now have an interest in subcontracting or
importing arrangements with ldcs. Although this seems
to augur well for the 'followers', the advantage of
relatively unrestricted market access has to be weighed
against the fact that many of these products are in
what has been called the 'mature phase' of the product
cycle and face a relatively slow (or even declining
rate of growth of market demand.
The future of the Asian industry is also dependent
upon increased demand in the home market, and
market forecasts show that this will be a significant
source of growth for some countries. Now that Korean
firms have been freed to produce colour TVs for the
local market, it is clear that domestic demand will
form art important source of future growth Most of
the group of followers are predicted to experience
growth in home demand, and in most cases this will be
met by increased domestic levels of production. The
growth of domestic production in this group is in part
due to the increased willingness of NIC-bàsed firms
with interests in South East Asia not only to subcontract
the labour intensive assembly phase of the production
process, but aLso to engage in technical assistance
agreements designed to build up local manufacturing
capability and the level of domestically sourced
components. Taiwan firms are particularly active in
this way, and companies like Shinlee are involved in
exporting monochrome TV manufacturing know-how.
as well as key parts and components in the form of
Semi-Knocked Down (SKD) or Completely Knocked
Down (CKD) shipments to overseas factories, in
Thailand and Indonesia. Another company, Elan, has
recently begun CKD shipments to Indonesia (for local
sales and re-export) and also to India for the local
market. The explanation of this trend seems to be that
NIC companies wish to secure production bases in
potentially large regional markets. If this isso then the
future growth of production capacity in these countries
is unlikely to result in increased exports to industrialised
countries, and may also give rise to conflict with
indigenous firms who do not have the advantage of
such technical' link-ups.
Conclusion
The prospects for increased exports of consumer
appliances and components from the Asian NICs will
be determined mainly by the' extent to which current
'best practices' in product and process technology can
be adopted either directly by NIC firms or in
collaboration with the leading Japanese firms.
Particularly in the consumer appliance sector, future
trends in protection remain important, not only because
trade barriers may be used to restrict exports directly
but also because they create an incentive to redirect
foreign investment to industrialised countries. The
available evidence suggests that both trends seem to
be working to the disadvantage of the N!Csat present.
However, to set against this, there are also some signs
that the pressure of competition in the consumer
appliance sector is encouraging some of the main
European firms to consider production locations in
the NICs. It is possible that such moves might ultimately




In any event, a fairly optimistic picture is presented by
the broadly based official predictions of the NICs.
Korean official forecasts suggest that total electronics
exports will reach $3 bn in 1981 (roughly six per cent
33
of world trade) and the government is aiming for a 21-
per cent average annual increase in the value of
exports by 1986. Taiwan is keeping roughly abreast
with Korea, and Hong Kong expects to provide 2.5 per
cent of the world market by 1985. Although Korea
and Taiwan are predicted to experience export growth
in colour TVsby 12.5 per cent and 6 per cent
respectively during 1980-85 fJAEU, July 19811
Singapore exports of colour TVs are predicted to
remain static and exports of most other products from
NICs are expected to decline. Amongst the 'followers'
only Indonesia and Malaysia are expected to produce
an exportable surplus, and production in Thailand, Sri
Lanka and the Philippines remains geared to meeting
domestic demand.
It is extremely difficult to draw any concrete conclusions
from such patchy data, but based upon current trends
in protection and technological change, it sems likely
that it will be more difficult or the NICs to increase
production and exports of electronics products in the
future. It is also likely that it will prove more difficult
for the 'followers' to reduce dependence on labour-
34
intensive assembly activities in their attempts to move
into the production of more technologically sophisti..
cated products.
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allow full automation and dramatically reduce labour.
inputs. Private sector firms in the developed countries
are expected to be the first to introduce these
innovations. It is alleged that this would improve their
competitive position visdvis Third World producers
and deprive developing countries of crucial export
markets.
Given that th apparel industry shares some similarity
with shoes, textiles and other labour intensive sectors,
it was felt that a detailed examination of developments
in the industry would provide valuable insights at a
more general as well as at the specific level. In the next
section we briefly review the nature of the production
process prior to the introduction of microelectronics)
and some of the structural and institutional
characteristics of the industry. Next, innovations in
sewing technology containing microelectronics are
described: while in the final section some concluding
observations are presented on the implications of
these changes for the Third World.
Traditional production technology
The manufacture of garments typically involves a
sequence of activities where an operative is required
at the interface between material and machine at each
stage. )The discrete activities include: design, grade
and cut pattern, plan optimised lay. lay and inspect for
faults, mark. cut. label and bundle, transport to sewing
station. assemble, inspect, press and finish, inspect.
pack.) Although the basic steps in the process are the
same for all garments. the tremendous variety of
wearing apparel that is produced to meet the demands
of the fashion-conscious consumer in the developed
countries in fact imposes widely differing operating
parameters from garment to garment. In some cases,
such as jean manufacture, production runs are long.
Only a relatively few pieces of material need to be
sewn together to make the jeans. the sewing tasks are
straightforward and style changes are comparatively
few. In ladies clothing, however, the situation is
precisely the opposite: there are many style changes.
short runs. complicated sewing tasks are required to
accommodate design changes. and there are frequently
many pieces to be assembled.
In the face of these conditions, the industry historically
has relied upon highly skilled operatives and reliable,
inexpensive, all purpose sewing machines which can
be cheaply arid quickly adapted to the different sewing
requirements for each type of garment. The rate at
which innovations have been introduced into the
industry has been much slower than in other sectors.
The basic sewing machine design. which still
predominates, is almost identical to the industrial
machines of 50 years ago!
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There are many reaspns for this slowrate of techj
change, the major one being the Continuing abilir, of
highly skilled manual operatives to responij quikl,
and efficiently to the technicaL demands of rapid 'pl
changes. However, there are other factorsthe
is highly fragmented, very undercapitalised and. apat
from the large firms, is burdened with arvhaj
management practices. Equally as problematic
these institutional obstacles are some significa
technical barriers to innovation which centre arouj
the problems of handling the limp' fabrics
make up garments. As we shall see, since the avern.
rate of investment in Rand Din the apparel iadustrj..
very low (about 0.05 per cent of sales and the cap -
cost of overcoming these problems very large. prior to
the advent of (micro)electronics there has not beea.
much progress towards their solution
As a result of these structural and terhnicaI...
characteristics of the industry in the developed
countries, the level of technology in use by Th1rd
World manufacturers is roughly on par web that
employed in the advanced industrial economies
certainly the gap between best practice recbriiq
and the average production methods in use in
developing countries is much smaller in the garment
sector than in other sectors. Consequently, relatIve
labour costs have been the main detern'rnant of
competitive position, although quality factors have su
far prevented developing countries front competing
internationally in some lines of appareL. Due to low
wage rates, Third World manufacturers have enjoyed
an increasing degree of comparative advantage in a
number of high volume sub-sectors as wages have
risen in the West.
Although technical change has, as stated above. been
relatively slow in the industry, during the l95(. l9fth
and early 1970s the introduction of electronic controls
allowed for continuous, if modest. increases in
productivity for specific sub-processes now can*d
out by specialised machines. Due to the relatively high
capital costs of these specialised machines. now
thousands of dollars as opposed to the average cret'
$600 for a standard sewing machine, the comparative
advantage of less developed countries has remained
intact. The differential in labourcosts is substafltinl-
with US 100, the UK 40, Japan 20, Hong Kong 10 and.
Taiwan and South Korea 5. This differential has
remained so that a large number of international flree
have located an increasing proportion of assembly in
low-wage countries either through sub contTncUo
joint ventures or wholly owned subsidiaries-
The introduction of microelectronics in the kite 19703
raised the expectations of some observers, both inside
and outside of the industry, that the formidable techaKal
obstacles to automation would be removed. It was (Cli
that the microprocessor, with its vast information
processing capacity and inherent flexibility had the
capacity to facilitate radical technical changes at the
subprocess and systems level.
While the changes that were widely predicted have
yet to advance beyond the first generation of
innovations, the awareness and interest of the industry
in advanced industrial nations has certainly been
captivated. Within the last three years the number of
capital goods firms offering microelectronic controls
Computeraidedpattern cutterus&d
in manufacture ofjearzs
in their sewing machines has increased from less than
a half dozen to over 25. In addition, firms and individual&
from outside the industry, who have extensive
experience in electronics, have introduced the most
radically new innovations in garment technology.
Microelectronics-based technologies
Below we briefly describe some of these innovations.
There seems little doubt that these and subsequent
innovations will eventually dramatically alter the
structure and characterof the industry in the advanced
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industrial economies. However, the rate at which this
transformation will take place is still open to question,
given the deeply rooted and inbred nature of some of
the structural and institutional problems referred to
above.
Grading. laying out, marker making, and cutting have
traditionally been separate and highly skilled manual
tasks. Given the value of the cloth in total costs of the
finished product (often reaching 50 per cent), the
phase of laying out patterns on the cloth is crucial if
wastage is to be kept to a minimum. Likewise, cutting
the cloth precisely according to the lay is equally
important, particularly since error at this stage can
lead to defective garments at the assembly stage. The
sequence of tasks from grading through to cutting has
been the only operation for which automation with
microelectronics has significantly bridged the gap
between what were previously discrete activities.
Technology is now avazlable that combines compu er.
ised pattern grading with optimal pattern layout, marker
duplication facilities and electronically controlled
cutting. Several firms, notably Camsco and Gerber in
the United States and Laser Lectric in France offer a
mini computer-based system which allows operators
already skilled in traditional techniques to increase
the speed of grading and laying out from two to six
timesgrading which previously took four days now
takes only one hourwhile simultaneously reducing
waste from between two to five per cent. When the
value of fabric usage runs ashigh as 510 mn as is the
case in a number of medium sized firms, even a two
per cent fabric savings is substantial considering the
low profit margin per unit. The outright purchase of
these systems, however, costs between 5300,000 and
5(,00.000 and necessitates maintenance contracts in
the range of 51.800-52,600 per month. Not surprisingly,
the sizeable initial investment and the high fixed and
running costs have ted to the establishment of service
bureaus which offer these services to users who cannot
justify purchasing the systems themselves.
Cutting technology, having remained static until the
early l970s has moved from a manual technique using
a hand held electrical or mechanical knife to completely
mechanical cutting that is electronically controlled. A
decade of experience has seen the virtual demise of
automatic dye cutting, as well as the use of lasers and
high speed water-jets to perform cutting. These have
largely been superceded technically by the Gerber
computer controlled cutter, which incorporates a self
sharpening blade. This machine, which requires
complete re-engineering of the cutting room to attain
maximum efficiencies, costs around 5600,000.
51,000000 and employs the programming facilities
offered by the Camsco or Gerber marker makers
described above. This has greatly reduced the time
involved in these phases of the process from about one
38
hour to a (maximum) of four minutes per suit. Skilled
labour input is reduced dramatically with savings of
up to 1000 per cent reported by some firms in their
marking and cutting workforce
Although technologically impressive, these innovations
are associated with activities which give only limited
increases to value added. And given the high level of
investment required these can only be afforded by the
larger finns.
While the value of fabric isa major proportion of final
costs these costs are comparable for manufacturers
worldwide. It is in the area of reducing labour costs in
the assembly stage, accounting for about 80 per cent
of all labour costs, where savings are required, if any
dramatic shifts in comparative advantage in favour f
the developed countries are to occur The technical
changes which have occurred in the sewing room,
while significant for certain subprocesses, are nowhere
near the same magnitude as seen in the earlier phases
of the garment manulacturing process.
The range of different sewing tasks that need to be
carried out at the assembly stage is very wide and can
involve complicated stitches requiring a very great
deal of skill. In most cases, highly irregular shapes of
different lengths are involved-.-allof which change as
fashions vary. To compound the problem, many
factories are required to make only a few units of the
same size and shape at any one time, and often have to
mix batches and orders.
The technical problems for mechanising and
automating such a process are as obvious as they are
formidable. The use of microelectronics has, however,
allowed for two types of semi-automatic sewing which
although they do not completely replace' the operator,
do increase productivity while at the same time reducing
skill levels and training time. The first incorporates a
dedicated microprocessor in specialised pieces of
equipment for small parts assembly Ic collars, cuffs,
belt loops and pocket setting. These machines produced
by a wide range of firms including Union Special,
Pfaff, Durkoff, Neechi, .Iuki and Reece, cost in the
range of 515,000-40,000, and allow a high volurrw
producer to increase productivity' by anywhere from
50.300 per cent by increasing' the speed and combining
a number of operations, eg in the case of collar
attachment, these machines reduce the number of
operations from 11 to 3.
Long runs, infrequent style changes and more than
one operating shift are necessary for these reliable,
extremely efficient, but relatively inflexible machines.
The second category of sewing innovations are
distinguished by the use of programmable memory
chips. At 55,000.58,000 these machines can be computer
i
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programmed and controlled to perform a large variety
of stitches in either decorative or functional sewing
tasks. When combined with photo-electric edge-sensing
equipment. these machines will monitor the edge of
the material to be sewn and disengage the needle
when required. One leading manufacturer quotes an
independent evaluation of this system which claims
that productivity is improved between 2566 per cent
for a variety of operations such as top stitching collars,
setting shirt pockets and attaching collars.
With approximately 80 per cent of the average garment
manufacturer's labour and capital costs associated
with the assembly phase, the subsequent concentration
of innovative activity in that area is justified. Given
the current technical difficulties and potential savings
in the sewing room it is also hardly surprising that the
finishing stage has been relatively neglected. This is
reinforced by the pervasive attitude among manage-
ment that the function of pressing is primarily in
making the product 'presentable' or 'saleable' rather
than an essential component of value added.
This attitude is likely to change as modernisation in
the industry fosters more sophisticated methods of
cost justification. Two capital equipment manufacturers
Micmprocessor controlled sewing machine
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recognising that the 10 per cent of capital expenditure.
estimated for this stage also signifies a high degree of
labour intensity, have now incorporated micro-
electronics into their pressing equipment.
Magpi; Sussman and Certus have introduced first
generation pressing equipment for jeans, slacks and
suits which incorporates microelectronics. In flat
pressing jeans using this equipment, six pairs of jeans
can he pressed per minute, or over 2,000 pairs per day,
while suits can be pressed at the rate of 400 per day:
While Certus' equipment goes some way towards
providing a more continuous pressing of separate
parts of a garment lie sleeves, armholes, shoulders etc)
and Sussmans allows the operator to choose from 12
pressing variables lie steam pressure, temperature,
etct neither machine, whose cost ranges from $30,000-
S200.000. have operated under production conditions
long enough for an accurate assessment of their
operating performance. What is currently evident is
that for a limited number of products (jackets, jeans)
these machines can be used to reduce both training
times and the skill of the operator, previously required
to ensure quality.
Implications for the Third World
While the fully automated garment production system
is not at present a reality, the trends in technical
change and the expectations in the industry are
unmistakably oriented in the direction of increasingly
comprehensive systems developmentalthough it is
likely that change will continue to be gradual rather
than rapidextending into medium to long term as
opposed to the overnight changes predicted by some
observers.
The structural and institutional problems discussed
earlier which impeded the historical rate of technical
change. will also slow the rate at which MRIs are
introduced by manufacturers in the developed
countries. The high capital costs of the systems and
the advanced management and maintenance skills
required to operate them efficiently mean that the
large manufacturers will be best placed to use the
equipment. Interestingly, these large firms are also
those most heavily involved in offshore manufacturing
and producing under USA 807.00 import type clauses.
Hence. they will be able to gauge very accurately the
relative costs of producing garments offshore using
cheap foreign labour as opposed to home based
production using advanced technology.
Although it has not happened yet, to any great extent,
there is a feeling among the large producers that a
large share of offshore production will be brought
back. In those cases where these firms have located
manufacturin2 facilities in developing countries with
40
large domestic, markets, we would expect that the
equipment would be introduced if competitive
conditions required such a move.
Both of these scenarios have significant implications
for developing countries.
Locally owned Third World firms produce and export
an extremely wide range of garments that vary
enormously in termsof quality and cost. Traditionally,
they have concentrated their efforts on standardised
products of low to medium quality which have a wide
demand in western countriesblue jeans, skirts,
blouses, shirts, jackets, etc. More recently, however,
they have been successfully moving 'up market' with
their exports and are increasingly competing with
developed country producers in high fashion sub-
sectors such as suits and dresses, where profit rates are
higher and there are fewer tariff barriers. Their
comparative advantage, however, remains based on
cheap labour rather than on improved technological
capability.
Although Third World finns do have access to quite a
large range of techniques on the international
machinery market, they tend to rely extensively on
conventional multipurpose machines and cheap labour
to perform manually the tasks which will become
increasingly automated in the developed economies.
This combination gives them the capacity to mass
produce standardised productsat low prices and enables
them to respond quickly to ever changing fashion
requirements and competitive conditions. These
characteristics will allow Third World producers to
resist the effects of microelectronic based technical
change. But this ability to resist must gradually be
eroded by the combined effects of rising domestic
wages, higher and broader tariff barriersand innovations
increasingly directed at precisely the activities where
they now enjoy comparative advantage. As we have
already mentioned, the crucial variables in this process
will be the rate at which these applications will be
developed and their speed of diffusion within the
advanced industrial countries. Across sub-sectors, this
will be an irregular and discontinuous but nevertheless
inexorable process that is already signposted by current
developments.
Such a process will create problems for some Third
World producers, particularly those countries which
are really only beginning to develop their apparel
industries. The renewed strength of western martu-
facturers and the already entrenched position of the
more advanced developing countries will work against
any dramatic expansion of market opportunities for
the least developed countries of the sort that fuelled
industrialisation for the NICs. However, the die is not






really begin to take effect. In the intervening period,
these poorer developing countries will need to make a




the garment sector in the light of the effects of micro-
electronics on the structure of the industry in western
economies.
Feeding the hungry: a roie
for post-harvest
technology
The problem of reducing post-harvest food losses has
developed over the last decade from being a specialist
concern of food technologists to becoming a wid&y
acknowledged opportunity to alleviate food shortagr& This
issue of the Bulletin, using contributions from natural and
social scientists, critically assesses the potential of post-
harvest loss prevention for solving problems of world hunger
through overviews of the subject and through case studies of
the impact of technica' change. While these show that the
economic efficiency of traditional farm-level systems can
sometimes be improved by selective intervention, they discredit
the commonly held view that traditional systems cause high
food losses, and that modernising technical change will
necessarily alleviate this or improve food distribution.
1982 £2.90 including postage
Available from lOS Publications Office
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There are two facts which must be confronted by a
social scientist with an interest in capital goods and
the developing countries. The first is the emphasis
that some developing countries put on the growth of
an indigenous capital goods sector. India, Brazil, and
the Republic of South Korea are particularly notable
but Argentina and Mexico should not be overlooked.
The second fact is the trend towards an automated
production system in the engineering sector in the
developed countries. With the development of
microelectronics, the concept of the fully automated
factory in branches charactensed by small batch
production has finally turned Out to be feasible. Whilst
there are only a handful of partially automated factories
in operation today, the diffusion of individual
components that will make up such a system is well
under way. This applies not only to numerically
confrolled machine tools but also to robots and
automated material handling systems, as well as
computer aided design systems. Whilst the integration
of these elements has not on the whole been carried
out yet, the diffusion of each element on its own may
have significant effects on productivity and therefore
on comparative advantage in the engineering sector.
This article, which is based upon research in Sweden
and Argentina, addresses one particular element in
automated production numerically controlled
machine tools (NCMTs). First, I will attempt to analyse
the direction of technical change in terms of any
factor saving bias. In other words, has the electronifi-
cation of NCMTs produced a technology which is
more appropriate to the developed countries or to the
developing countries? Second, I will try to analyse the
impact which this technological development may
have on the comparative advantage of the newly
industrial ising countries (NICs).
aThis paper is part of a research project dealing with the
production of numerically controlled machine tools in the
developing countries. The project is financed by the Swedish
Agency for Research Cooperation with the Developing
Countries whose assistance is gratefully acknowledged.
Buliethz l92, vol 13 no 2. Irwitute ot De lopment Studies. Sussex
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The technology
Traditionally in batch production, the need for flexibility
has meant that standard, hand operated and
multipurpose machine tools have been used. As a'
consequence exceptionally good quality has been
difficult to achieve, the level of machine utilisation has
been very low due to long changeover times from one
product to another; and very skilled people have been
needed to set and operate the machine tools. At tha
beginning of the 1950s, the first NCMT was developed
in which the information needed to produce a particular
component was put on a medium (eg a tape) and fed
into a numerical control unit. By simply changing the
tape, the NCMT could quickly be switched from the
production of one type of product to another. A large
gain in flexibility has been gained. But the cost and
unreliability of the electronic components hindered a
wide diffusion of this technology until minicomputers -
were introduced in 1970. A still more significant
change in the technology, which indeed may be looked
upon as a great qualitative change as opposed to a
change in degree, was. the use of microcomputers for
the numerical control unit, which were introduced in
1975. The use of microelectronics meant a drastic
reduction in price, an increase in reliability, a
simplification in programming and the spread o
electronics to a range of functions previously riot
automated, such as tool changing and diagnostics.
The technology has now, five years after the intro
duction of microelectronics, reached maturity and is
consequently diffusing rapidly.
The diffusion of NCMTs
The rapidity of diffusion of NCMTs in the developed.
countries can be seen from the following trends: .in
Sweden the share of NCMTs in all machine tools (in-'--
value terms) rose from 12.4 per cent in 1974 to 3540
per cent in 1979. Numerical control systems are however
mainly applied to metal cutting machine toolsaS
opposed to metal formingonesand here thoshareof
NCMTs as a proportion of metal cutting machine
tools rose from 218 percent in 1974 to 54.1 per cent in
1979. In Japan the share of NCMTs in all metal cutt1ni






















































per cent in 1979. In the case of lathes, one of the most
important metal cutting machine tools, the share of
numerically controlled lathes was still higher,
accounting for 51 per cent in Japan and for around 70
per cent in Sweden and France in 1979. The rapid
growth in importance of NC lathes can be appreciated
when we note these figures against earlier time periods.
In the case of NC lathes their share was only 26.4 per
cent in France in 1976,23.4 per cent in Japan in 1975
and 34.4 per cent in Sweden in 1974.
The direction of technical change
The rapidity of this diffusion is explained by the
following factors:
the most important source of productivity increase
in savings in labour. For example, a NC lathe
substitutes for between two and four conventional
lathes. Thus two to four lathe operators are
substituted for by one NC lathe operator. In some
cases this NC lathe operatorcan attend two machines,
as his function is mainly a supervisory one.
Furthermore, as NC lathes contain a computer,
various computer guided feeding mechanisms can
be attached to the NC machine tools, further reducing
the amount of labour time. Moreover, as we shall
see, the rate of utiisation of NC machines is higher
than for conventional machines, thereby further
enhancing the productivity of labour;
NCMTs may also save capital. The flexible
character of NCMTs means that the capital embodied
in stocks and work in progress may be substantially
reduced. This is very important as, for example, in
the Swedish mechanical engineering sector in 1977,
30-35 ba kronas were tied up in goods (stocks and
work in progress) and only 15-20 bn kronas in
machines and buildings. NCMTs also aid in this
capital rationalisation process in that they save
space. This is an often overlooked source of increase
'in the productivity of capital. (In fact in 1977, the
value of investment in buildings in the Swedish
engineeering sector was 84 per cent of the investment
in machinery.) In general, the capital saving nature
of these aspects offsets the effect of the higher price
of the NCMT in relation to standard machine tools,
leading to a lower capital cost per unit of output;
C) automatic positioning and control allows for
greater precision and uniformity of quality;
d) the existence of flexible manufacturing systems
which can cut lead time is playing an increasingly
important role in firms' strategies in the face of
tough competition.
The skill implications of NCMTs
There has been a significant reduction in the skills
needed to operate the machine tool as well as a
reduction in the number of people embodying the
skills. An NMCT operator clearly needs some skills,
but the maximum time at work and at in-house training
courses required for an unskilled person, who has had
a technically orientated secondary education, was
said by one firm to be 12 months. Other firms suggested
a maximum of six months. By contrast, for a qualified
operator of a conventional lathe, five years of
experience is often mentioned as being necessary
merely to acquire proficiency. One firm visited, which
had started up with NC lathes, only needed to employ
22 semi-skilled NC operators instead of 44 skilled
operators. In anothercase, 21 NC operatorssubstituted
for 63 qualified operators. Hence, for the operation of
the machine tools the 'mass' of skills needed has been
reduced in a very significant manner. However, NCMTs
require a set Qf other skills which are not important in
the case of standard machine tools.
First, in addition to the NC operators, instructors and
programmers are needed. Hence, there is a further
division of labour. Roughly six to eight NCMTs are
served by an instructor and a programmer. These
people are often former' skilled workers who have
joined the ranks of the white collar workers, or people
with some technical training, for example technically
orientated secondary education.
Second, repair and maintenance has become more
complex. This does not apply so much to the mechanical
parts, which are in fact simpler in a NCMT since ithas
less moving parts, but to the electronic parts and the
interface. Given that for most users, apart from the
larger firms, the electronic part is of a black box
character, there is a tendency for the supplier to take
over the repair and maintenance work. Usually, there
is one engineer employed for 15 installed NCMTs. At
the level of the machine tool, the introduction of NC
units has increased the skill requirements. However,
as the number of machine tools is decreasing due to
increases in productivity, the amount of repair and
maintenance skills needed to produce a given number
of engineering products has not necessarily increased.
All in all, the very dramatic decrease in the number of
skills needed at the operational phase is only marginally
offset by other skills required in the supervision,
programming and repair and maintenance tasks.
Effects on global comparative advantage
In view of the substantial benefits provided by NCMTs
to investors, it is obviously important to determine the
impact on users in the developing countries and on
global comparative advantage. Contrary to initial
expectations there are reasons to believe that the
diffusion of NCMTs has the potential to enhance their
comparative advantage, especially that of the newly
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iridustrialising countries (NICs). We now consider
these.
Let us sum up the advantage of NCMTs: firstly. firm
interviews clearly show that the NCMT is a capital
saving technology. The degree of capital saving in
relation to conventional technology depends. however,
to some extent on the institutional setting. In many
developed countries it is difficult, if not impossible, to
find skilled workers who are willing to work shifts.
This institutional restriction to the full utilisation of all
fixed capital. including buildings. probably does not
apply to the same extent in the NICs. The skill saving
character of NCMTs means that the firms based in a
developed country can to some extent overcome this
restriction to fuller capital utitisation, and NCMT
operators in developed countries were found to be
more likely to work two shifts than those firms using
conventional technology. As this is probably not an
issue in the NICs. we can conclude that NCMTs are
slightly more capital saving in relation to conventional
machinery in a developed country than in a MC.
Secondly. NCMTs save on labour in a very dramatic
manner. Proportionately more labour is saved than
capital. At first sight this might lead us to conclude
that the NCMT is a technology which is more
appropriate to the developed countries than to the
NICs. However, the labour saved is predominantly
ckilled labour and the labour which remains is mainly
unskilled or semi-skilled labour. The total mass of
skills required to produce a given set of engineering
products has thus been significantly reduced. Thus,
proportionately speaking, reduction in skill require-
ments is of far greater magnitude than the capital or
labour saving nature of the NCMTs. This means that
the NCMT represents a technical change, the
appropriateness of which is a function of the degree of
scarcity of skilled labour compared to capital and/or
to unskilled labour.
This conclusion is important since it is clear that
skilled workers have traditionally been a major source
of the developed countries' comparative advantage in
the engineering sector. In fact, one study concluded
that in the case of Sweden. the comparative advantage
moved between 1960 and 1970 to branches with a
more intensive use of skilled workers Ohlsson 19761.
With NCMTs. production of some engineering goods
need no longer he placed in economies with an
abundance of skilled machine tool operators. As in all
other automated production technologies, NCMTs
are mobile, and in the future such factors as wage
costs and 'workers discipline' can be expected to be
added to other determinants (such as labour skills) of
lie international location of production.
Elaboration of data supplied by the Swedish Union of
Nietaiworkers.
To sum up. there are strong reasons for suggesting
that NCMTs represent a technical change which is to
the benefit of economies with factor endowments of a
kind that are usually associated with the NICs. Hence,
the direction of technical change favours these
economies. To what extent this has actually shifted or
reversed the comparative advantage of these NIC
economies is, however, more difficult to substantiate.
This depends on the exact level of skills in the relevant
countries. To answer that question we would need
very detailed knowledge of the relative scarcity of the
different factors of production in all the relevant
countries. However, as a minimum statement, we can
safely say that the comparative advantage of the
developed countries in metal-cutting has been eroded
by NCMTs.
Before drawing too strong a conclusion from this
analysis, there are three important considerations to
bear in mind:
NCMTs only affect production, even if design is
being computerised via Computer Aided Design
systems tkaplinsky 19821. These changes in design
technology which appear to be diffusing more rapidly
to developed economies, may provide significantly
greater benefits, particularly in sectors where
product-competitiveness outweighs price-competi-
tiveness.
Metal-cutting is only one out of many sub-
processes in the engineering industry. Others of
importance are metal-forming, casting, heat
treatment, joining, assembly, material handling and
quality control. In the case of Sweden in 1980. the
five largest groups of workers, in terms of hours
worked, were: assembly (21 percent). machine tool
operators (14.6 per cent), material handling (7.6 per
cent), welding (6.6 per cent) and quality controls
(5.9 per cent). Hence, machine tool operators
constitute only a small proportion of the total
workforce. Furthermore, metal-cutting varied itt
importance between various products. and the above
reasoning applies only to very specific products
where metal-cutting accounts for a large proportion
of production costs. An example o such a product
would be pumps. while electrical motors would be
less affected.
The present industrial structure of the NICs is
such that those branches in which it is profitable to
use NCMTs intensively tend to be relatively under-
developed. Hence, the diffusion of a large number
of NCMTs to these economies will take as long as it
takes their industrial structure to alter. Of course,
the change in comparative advantage through
NCMTs may speed up this restructuring process.
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The present diffusion of NCMTs to some
NICs
What. then, is the evidence concerning the utilisafion
of NCMTs in the NICs? There are several ways of
measuring the intensity of use of NCMTs. Firstly, one
may simply note the number of installed units in the
various economies. Thus whereas the US had 54.000
19781, West Germany 25,000 (1980), the UK 10,000
19761. and Sweden 4,000(1980), Argentina only had a
total of 325(1980), Brazil 650(1979), India 130 (1979)
and the Republic o( South Korea 1,000 (1980). Alt in
all then, the total stock of NCMTs in the NICs may be
around 2.500. This is clearly an insignificant number
in relation to the number installed in the developed
countries. Furthermore, against the present large-
scale penetration of NCMTs in the OECD countries,
the prospects for the NICs may seem even bleaker.
For example, Japan alone installed 8,398 NCMTs in
1979 and the UK doubled its installations of NC lathes
between 1978 and 1980.
However, the mere comparison of numbers is not the
correct way of answering the question. The number of
installed NCMTs must be related to the size of the
relevant metal-working sector. Not all branches in the
engineering sector use NCMTs. It is only in branches
which are characterised by batch production that one
may advantageously utilise NCMTs. A study of the
diffusion pattern in Sweden revealed that 83 per cent
of installed units may be found in nine branches (at
four and five digit ISIC level). Hence, the number of
installed NCMTS would need to be related to the size
of these nine branches in order to get a reasonable
idea of the degree of penetration of NCMTs in various
economies.
Table 1 relates the number of installed NCMTS to the
sales value in these branches in Sweden. Argentina,
Brazil and the Republic of South Korea. India has
been omitted as it has only 130 installed units. We find
that the Republic of South Korea has an intensity in
use of NCMTs which is higher than that of Sweden's!
Argentina is close to the Swedish figures for 1976 for
the case of NC lathes, but has only slightly more than
half of Sweden's 1976 intensity for all NCMTs. Brazil
as wel! as India) lags very far behind. We should note
that the data exaggerate Brazil's intensity in use of
NCMTs as the sales value is from 1973, whilst for the
rest of the countries 1977 sales values have been used.
The difference in the intensity of use of NCMTS in the
NICs would appear to reflect the general economic
policies of the countries. The exceptionally high Korean
figures reflect to some extent Korea's weakness in the
relevant branches, but also reflect its heavy emphasis
on building up a capital goods sector. Furthermore,
Korea has a very short history of skill generation in
these branches and should benefit more from the skill
saving character of NCMTs than, say, Argentina.
which has a long history of capital goods production as
well as a long history of immigration of skilled metal-
workers. Argentina's lower figure reflects, however,
its deep economic crisis after 1977 when the diffusion
of NCMTs really started to take off in most other
countries. Brazil's exceptionally low figure most
probably reflects its policy of import controls, which
impedes the diffusion of capital embodying new
technology.
In conclusion, of the countries considered, Brazil and
India are falling behind in the use of NCMTs. These
countries will therefore probably be left behind in
productivity growth as well. Korea, on the other hand,
is investing heavily in NCMTs and should benefit
proportionately more than the advanced countries by
this technical change. Argentina falls somewhere in
between.
Conclusions
Looked at in isolation, the NCMT s not a technology
which will necessarily lead to an increased technological
gap between the developed countries and the NICs.
On the contrary, given the right economic policies in
the NICs, eg allowing access to NCMTs at world
market prices, it is a technology which is at least as
suitable to the NICs as to the developed countries.
The NCMT has therefore to some extent reduced the
comparative advantage of the developed countries in
metal-cutting. It is furthermore possible, but not
necessary, that it has reversed comparative advantage
in favour of the NICs. Hence, the international diffusion
of NCMTs may well be associated with an increasing
share of these countries in world production and trade
in engineering products. In particular, this applies to
the Republic of South Korea which has invested
heavily in NCMTs as part of its plans to build up a
capital goods sector.
There are a few points, though, to be borne in mind:
the change in comparative advantage applies
only to the production stage and only to products
where metal-cutting is of importance;
the industrial structure of the NICs needs to be
altered in order for them to be able to utilise
NCMTs. This applies especially to the Republic of
South Korea, but also to Brazil.
Finally, we need to say a few words about the long
term trends in engineering technology, as NCMTS
represent only one discrete element in the automation
process. We noted earlier that the NlCs could gain a
competitive edge through both lower labour costs and
higher utilisation of fixed capital. Automation will
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Concerning labour costs, let us go back to the
distribution of labour among the different sub processes
in the Swedish engineering industry to illustrate my
point. In metal-cutting, the proportion of skilled workers
is still very high at 51.6 percent, whilst in, say, material
handling it is only 7.6 per cent, and in assembly only
22.5 percent. This suggests that NCMTs may substitute
for skilled workers in metal-cutting so that a NEC
could use its relatively low cost semi- or unskilled
labour not only for metal-cutting but also for assembly
and material handling etc in osder to gain a competitive
advantage. Underlying this suggestion is a theory of
uneven development of automation in the engineering
sector. Without attempting to provide full proof, it
appears that automation has developed most in the
metal-cutting phase, where it substitutes for skilled
labour. It has been less developed itt assembly and
material handling, where it substitutes, to a larger
extent, for semi-skilled labour. In the longer run,
automation is expected to proceed to these sub
processes too. For example, Hitachi hopes, to develop
a 'skilled robot' for the assembly of electrical products
within five years lfapan Economic Journal 19811.
When these techniques are developed, they will
withdraw the basis for cheap labour competition from
the NICs. Hence, technical change may in the medium
and long term alter the basis for a change in comparative
advantage.
With automation also comes an increased possibility
to put used capital to better use. Already there are
techniques developed which feed the NCMTs
automatically with parts. The only human intervention
needed is to provide the robot or feeding mechanism
with a pile of parts. This means that a NCMT can
already work for as long as six hours without human
intervention.
'Sales value refers to 9 branches (ISIC 3811. 3821, 3822, 3823, 3824, 3829, 3831, 38322, 38432) For Argentina LSIC 38322 is
excluded due to non'availability of data.
'EsumatecL
Sourcen Argentina: salesvalueis estimated from datasupplied by INDEC The numberofNCMTsisestimatedfron'tinterviews.
Brazil: sales value is taken from Ce,tso Industrial 1974. The number of NCMTs from Stemmer 1981.
Korea: sales value is taken from Repot on mining and manufacturing siirvey 1977. The number of NCMTs is based on
The Korean Development Bank 1980, and various statistical yearbooks on foreign trade.
Sweden: sates value is taken from Sled 1979.1. The number of NCMTS and on SOU: 1981:11.
In the long run, the process of integrating the individual
components into the automated factory will pick up
speed. Partially automated factories exist, even now.
The integration of computer aided design with NCMTs
and robots as well as automatic warehouses implies a
shift in technology which is of a fundamental nature.
Whilst the introduction of a discrete element, say a
NCMT or a spray robot, is. relatively simple, a system
change requires a user competence which is
qualitatively different. It is unlikely that NEC-based
firms in general will easily follow such a system change.2
However, we are not yet at the stage of automated
production.
2This is of course highly speculative. There are a number of
technically progressive firms also in these countries. For
example, the Argenunian heavy capital goods firm Pescarmona
has not only a very large number of NCMTs but is also
installing Computer Aided Design in an effort to break into
the world oligopolistic market of heavy electrical equipment.
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sales value (bn do/lan)' number NCMTs number NC lathes 2/1 3/!
Argentina 2.83(1977/78)2 325 (1980) 215 (1980) 114 76
Brazil 8.4 (1974) 649(1979) 196(1979) '77 23
Korea 1.55(1977) 1,000(1980) 493 (1980) 645 318
Sweden 8.68(1977) 4,000(1979) 1,665 (1919)2 460 2312
Is There a Skill Constraint in the Diffusion of Microelectronics?
Introduction
In this contribution we aim to focus on the skill
implications of the introduction of a new micro-
electronics based technology which involves a radically
different work practice from that involved in the
established processes. The technology referred to is
computer aided design (CAD) and relates to the dual
activities of design and draughting. Before we discuss
these skill implications, we first describe the technology,
summarise the results of a major study involving field
research in Europe and North America (Kaplinaky
l982 and assess its impact (and by implication, that of
microelectronics based technologies in general) on
developing country comparative advantage.
Computer aided design technology
CAD is a particularly good example of a software
intensive industry. Building on a fairly standard set of
microelectronic hardware (predominantly mini-
computers) and peripheral components (television
screens, computer memory, drawing devices and
electronic drawing boards) systems are available to
undertake a wide range of tasks to assist designers and
draughtspersons in their work. This assistance is of
two majorsorts. The first involves basic gmphic software
which speeds up the process of drawing; the second
involves a wide variety of applications programs to
meet particular design needs in all sectors of engineering
(electrical, civil, mechanical, chemical), cartography,
business analysis and animation.
The price of these systems starts from around $30,000
for a single terminal system which is suitable only for
drawing, to around $1.5 mn for a 30 terminal system
which provides both a wide variety of analytical
applications programs and a capability to undertake
numerous, unrelated batch processing tasks such as
payrolls and customer billing. Of these prices, around
30 per cent is hardware; the rest comprise of overheads
and a considerable input of software. Some of the
turnkey vendors have accumulated well in excess of
1,000 person years of software with over seven million
lines of sof tware code in the suite of basic graphics and
applications software which they offer.
The origins of this industry lie in the aerospace and
defence sectors of the late 1950s and 1960s. By the
Bulletin. 1952. vol 13 no2. 1rtstituiet Developmert Studies. Sussex
early 1910s CAD began to be used in the electronic
sector, diffusing to mechanical engineering and
cartography over the past five years. The industry
expects the civil engineering and architectural sectors.
to be the major growth point in the second half of the
1980s. The achieved growth of this sector has been
quite remarkable. Having reached around $80 mn in
1976, the sector 'took off' with the value of output
reaching around $1 bn in 1980. Projections of sales
value for 1984 are between $5 bn and $8 bn. By
comparison, the projection for global sales of robots is
only $2 bn by 1990, and only $4 bn for colour TVs in
the USA in 1984. As another indicator of the
phenomenal growth of the CAD sector, if the industry
had grown at the sante rate as IBM between 1976 and
1980, its sales. would have only been around $120 inn
in 1980, and if it had followed the same growth path as
DEC (the most successful of the minicomputer firms,
the 'success story' of the 1970s), its size in 1980 would
only have been around $250 ran.
This very remarkable growth path follows in part from
the benefits arising to users (see below). But it also
follows from the fact that CAD has a key role to play
in the development of the automated factory, since it
is in the design phase that the data base for production
and information control is defined. Hitherto there has
not been great progress in the development of
automated factories, but with the growing maturity of
CAD and flexible manufacturing systems, most of the
components of these automated systems now exist.
The cutting edge of technological progress lies now
within the sphere of organisation since the synergies
between various parts of the system, and the
implications for altered staffing and skills patterns,
requires systems' reorganisation. The bottlenecks in.
this phase of automation are probably as much social
as technical.
The benefits to use
Assessing the benefits of using the technology is
problematical since there are such a wide variety of
uses, since design Is essentially a craft-based activity
(and is hence susceptible to variation, as are alt labour-
intensive tasks) and since the technology has only
recently 'matured'. Nevertheless it is possible to make
a preliminary attempt at classifying the types (and
even the extent) of benefits accruing to user-firms (but
not necessarily to the workers involved!). Four major
types of benefits emerge, namely in:
Draughting
Average productivity gains were found to be in the
region of 3:1. Given the cost of the equipment, a
three year pay-back period and this level of
productivity gains, we estimate that it pays firms to
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Computer Aided Design of robot
arm
use CAD on a two shift basis when the gross payroll
ost (ie including overheads) of draughtspersons/
designers exceeded 55,500. This is a level which is
exceeded in many developing countries.
Design
Here CAD offers a number of different benefits
depending upon the sector. In some sectors (eg
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could not be produced without it. In other sectors
CAD allows for greater optimisation of product
design (eg reducing wind resistance of motor cars
which improves fuel efficiency). In almost all firms
visited CAD played a crucial role in reducing the
lead-time required to get the product on to the
market.
DowBstream benefits
The use of CAD offers a wide range of benefits
(which at this early stage are still largely potential,
rather than realised) in downstream activities such
as setting machine controls automatically, testing
products and helping in the control of inventories.
Control
From management's point of view CAD provides a
very important benefit in enhancing control over
the design and draughting staff and, by allowing for
selective access to the design details, in reducing
the flow of technical secrets to competitors.
Impact of CAD on comparative advantage
Given that design and draughting are only subsets
albeit key ones) of the process of producing and
marketing an attractive product. it is difficult to argue
that it alone will affect the international division of
labour. Moreover given developments in communi-
cations technologies (notably via satellites) it is entirely
feasible to set up design facilites in one continent and
production plants in another. We are consequently
forced to see CAD as an example of one of many
emerging microelectronics based technologies and to
argue. ex hypothesis. that the conclusions derived
from this technology are relevant to those derived
from other ones.
To the extent that it is possible to assess the likely path
of diffusion of CAD technology we are drawn to the
following firm conclusion. The technology is likely to
diffuse most rapidly to precisely those sectors in which
developing country manufactured exports grew so
rapidly in the 1970sKaplinsky 19S2J. The traditional-
manufactures sectors (le shoes, garments, leather
products and semi-manufactured textiles) are likely to
he relative/v less affected by CAD technologya
view which mirrors the conclusions of Hoffman and
Rush in their article in this Bulletin. What this means,
therefore, is that the emerging comparative advantage
of the NICs in higher technology sectors is likely to be
undercut in the l9)tOs, if other microelectronics-based
technologies offer similar benefits to users and diffuse
in a similar pattern as CAD.
Skill implications of using CAD technology
In a growing number of sectors, therefore, CAD
either already is, or is rapidly becoming, a mandatory
technology if firms are to compete effectively in
increasingly competitive markets. Our attention is
thus naturally drawn towards the skills required to
make efficient use of this radical new technology.
Earlier discussion pointed out that, as with many new
electronic technologies, the gains derived from using
CAD are felt not only within the narrow confines of
draughting but span the whole system of factory
organisation. Consequently in discussing the skills
involved in its efficient utilisation, we must consider
both operator-skills and management skills as well as
the learning curves which are involved. At the same
time a software intensive technology such as CAD
requires extensive back-up and service-skills from the
suppliers if it is to be run efficiently.
Skills
i) Operator ski/IsThere was a fairly strong consensus
amongst all users visited that, at the worst, the skills
required to operate CAD systems are the same as
those involved in manual systems, and in more
favourable circumstances, the required skills are lower
than those with which traditional draughtspeople are
equipped. As. far as draughting is concerned, CAD
(like other forms of mechanisation) deskills the job
and reduces it to machine operation. By contrast in
the case of analysis and design. by removing the
unskilled element, CAD distils the skill component for
concentrated attention by the designer. We see here a
difference in the position of draughtspeople and
designersthe skills of the draughtsperson are, in
effect, boring constraints for the designer.
Both operators and management conclude that CAD
reduces the skill component in draughting because it
removes the craft element (requiring extensive practice)
associated with individually-tailored layouts and
individually developed lettering. This is not to say that
CAD has no specific skill requirements, but that the
type and levels of skill are altered. Most management
reported that typing skills were art advantage., given
that all CAD systems have an alphanumeric keyboard
for entering at least some of the data. But, as far as
management is concerned, attitude and flexibility are
more important attributes; some management felt
(with no apparent justification) that these were a
function of youth; one system manager claimed that
iemales were less flexible and dexterous' despite the
existence of many female CAD operators, particularly
in the USA. Finally one firm, which has a particularly
rapid screen response time, argues that manual dexterity
is an important attribute thus while the average iBM
CAD operator works at around 30 interrupts per
minute, the best UK operator has been timed at7O per
minute and best US performance is 100 interrupts per
minute. Thus it was the view of most management that
although a good draughtsperson makes a good CAD
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operator, the CAD system was sometimes able to
make a good operator out of a bad draughtsperson (eg
someone who was sloppy at lettering).
ii) Management skillsThe skills required by managers
(as opposed to operators) of the CAD system are of a
more substantive nature, for three reasons. Firstly, as
we saw in the previous section, many of the benefits of
CAD are felt downstream. The current state-of-the-
art of CAD technology is generally one in which the
basic draughting-gains have been mastered and the
cutting-edge of progress lies in capturing these
downstream benefits. While this latter task is partly a
function of improved software, it also requires a
changed attitude by management which is still feeling
its way towards new forms of systems organisation.
Secondly. even within the draughting/design stage,
management has an important role to play in improving
productivity. Whilst operators are able to build-up
their skills until they can use the CAD system rapidly,
for the real benefits to be obtained the draughting
office has to be well-organised. And inaUy,
management argues that it has rn important function
to perform in evening out the performance of individual
operators into a curve of continuous and harmonised
growth for the CAD system as a whole.
Given these taxing demands upon management, it is
not clear that any particular skills (different, that is, to
pre-CAD skills) are required. However a vision of
systems gains and the power to implement organis-
ational changes are of critical importance. And to the
extent that these attributes are necessary it is not
evident whether these can befonnally learnt orwhether
they are acquired through direct experience.
Back-up services
CAD systents are new, different and software-intensive.
Users consequently require a great deal of back-up
assistance from suppliers until their systems function
efficiently, particularly when the innovating firm is
not experienced in using analogous types of equipment
(such as automatic testing equipmertt)indeed, this
ability to supply assistance to users is a major
competitive factor in the supplying industry. For
example, the major supplier aims to have in Europe
one software-support engineer forevezy eight systems
in use and one hardware maintenance engineer for
every tour systems. In addition it has a further 24
software staff in the UK alone who service the home
market and parts of the European market.
The services offered by these suppliers relate
predominantly to software. Most suppliers reported
that over 50 per cent of software problems turn out, on
inspection, to reflect the 'ignorance' of users. Eut in
addition to the ongoing support services which suppliers
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offer, the growth of users' systems efficiency is enhanced
by specialised courses which all suppliers provide
(usually at a price) as well as by regular users' groups in
which users can exchange experience and bring
collective pressure to bear on suppliers. The dominant
conclusion which emerges from all this is that 'closeness
to CAD suppliers and users is important for efficient
use, requiring an ongoing 'handholding' relationship.
The learning curve
Obviously the learning curve of both operators and
management depends largely upon the use to which
the CAD system is put. For example a system used for
pure draughting is generally easier to assimilate than
one used for design or the capturing of downstream
benefits. On the other hand, such limited uses
(characteristic of unimaginatively managed systems)
may well reflect the inability of management to learn
to use CAD effectively. As a general observation, it
appears as if there is a trade-off between the rate of
learning (of both operators. and managers) and the
ultimate success with which the system is used. The
too-rapid definitkn of procedures which assist in.
obtaining early gains in productivity, has the effect of
boxing-in the future potential of the system.
The slope of the learning curves can be steepened in a1
number of different ways. One is to send both operators
and managers away on courses, or to institute formal
in-house training programmes. In fact most CAD
suppliers included a series of basic courses in their
sales price and offered a range of specialised courses
for particular applications programs. A second strategy,
generally pursued by enterprises for whom rapid
progress is vital, is to poach expertise from existing
CAD users. This presentsgains to both the purchasing
firm and the individuals involved. Thirdly, management
often gained important experience from conversations
with counterparts at the Users' Groups organised by
most- turnkey suppliers.
On the basis of discussions with both management and
operators in firms using CAD, it is possible to simulate
a series of learning curves, as is done in Figure 1
below. Insofar as operators are concerned, learning
occurs in a series of steps. At around three months, or
earlier, most operators are up to the level of productivity
of manual systems. There is then a short period of
retrenchment while the operator assimilates the newly-
learnt basic operating skills which are threreafter
continually improved via the assistance of menus,
until around six months. Then the operator begins to
take advantage of the sub-designs stored in the CAD
system and makes more effective use of analytical
programs. Most users reported that by the end of the
first year, most operators were about as efficient with
the system as they could ever getfurther benefits









































orgarlisation. There was, however, some difference in
the views of users about whether the period of individual
retrenchment was associated with a flattening of the
curve or a temporary decline in productivitysince
we encountered sufficient of these latter views we
believe that a temporary fall-off in productivity is a
common experience.
One of the functions of management is to iron-out
these periods of individual retrenchment and thereby
to increase the general productivity of the system by
moving the industrial operators to a more desirable
learning curve. This can be done by providing special
assistance to operators experiencing difficulties, but it
also sometimes appears to involve the slowing down of
particular rapid-learners who, by pulling ahead of
their colleagues, have the effect of imbalancing the
system. But managment also has a variety of other
functions (described above) involving the eastablish-
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But ultimately, aswe have repeatedly pointed out, the
productivity of the CAD system depends upon
organisational changes in the system. including
complementary adjustments in the other spheres of
the firm, that is information control and production/
distribution. Without these, the full benefits of the
CAD system cannot be realised. The time span within
which management is able to comprehend the changes
which are necessary, and then to implement them, is
generally, but not always, longer than those involved
in the individual learning curve. However there are, as
with the operator learning curve, periods of flatness in
the growth of system productivity.
Conclusions
On the basis of a detailed empirical investigation in
the US and Europe it is clear that the use of CAD
technology is essential in many sectors if firms are to
compete in orld markets. Since many of the benefits
offered by CAD technology (reduced lead time, better
quality products and reduced costs) are also to be
obtained via the introduction of microelectronics in
other sectors (eg machine tools and garmentssee
Jacobsson's and Hoffman and Rush's contributions,
we believe that this represents a common pattern.
At first glance, as our more detailed discussion of the
skill implications suggests, developing countries have
few problems in mastering the use of the new
technology. If anything at the level of operation (rather
than back-up) microelectronics related innovations
are easier to use than the craft-based systems which
they replace. If this is so, it suggests that the major
concern for developing countries over the coming
decade lies in maintaining access to developed country
markets in the context of growing levels of structural
unemployment throughout the globe.
But on deeper consideration it is evident that whilst
the absolute skill barrier to the use of CAD (and other
microelectronics technologies) is slight, a close 'hand-
holding' relationship between users and suppliers and
between different users is absolutely essential for the
efficient use of the technology. Consequently because
of the established presence of CAD suppliers and
systems in developed countries, it is likely that at least
in the foreseeable future the technology will spread
less rapidly to developing countries than to developed
ones. It comes as no surprise, therefore, to learn that
of the CAD systems surveyed in the wider study only
32 out of over 6,000 systems have gone to developing
countries. And of these 32 most went to either TNC
subsidiaries in the petroleum industry or to governments
aiming to map their countryside (with USA ID technicat
assistance) to assist in counter-insurgency pro-
grammes.
Therefore to the extent that CAD is representative of
the use of microelectronics in industrial products and
processes, we can anticipate that the diffusion of
microelectronics will be associated with a reductionin
developing country comparative advantage. This will
not be a resultof any absolute skill barriers to utilisation,
but rather as a consequence of the close organic link
required between suppliers and users, and between
different users of radically new technologies. The
origins of these technologies in developed countries
make it likely that the new technologies will develop
and diffuse more rapidly in these same economies.
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The role of computers in deveJopng
countries
Over ten years ago major studies were carried out by
the United Nations into the role of computing in
developing countries. Two reports were published, in
1970 and 1972, which analysed the then current state
of development and identified the close relatIonship
between computing capability and positive develop-
ment. In 1978 a conference entitled 'Intergovernmental
Conference on Strategies and Policies for Informatics'
SPIN was held in Torremolinos. It was attended by
some 80 nations, most of them from the developing
world, and here the close relationship between
computing and development was explored in depth.
In the original United Nations study four categories of
computer development were identified. The first,
which was called the Initial level, really covered those
countries which had no effective computing capability
of their own. Today such countries as Ethiopia, Lesotho
and the Solomon Islands would come into this
category.
The second, called the Basic level, is attained by
countries which have clearly started upon the computer
development road. They will have some significant
use of computers in government and there will be
education and, training programmes in computer
technolocv. This category would include such countries
as Kenya. Nigeria, Egypt, Indonesia, Venezuela and
Chile.
The third or Operational level defines the situation
where computing is well established within the national
environment. There will be a well identified education
programme: major use of computing in government;
design and production of software and maybe some
hardware. Examples here are India, Singapore, Korea,
Mexico and Brazil.
The fourth or Advanced level refers to those nations
which are virtually capable of supporting themselves
in computing terms, with fully matured design and
production. professional and educational capabilities.
Bull,,t 'O. c.i 3no2. tutcotD apmelS.udiex. Sussex
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This category would include the UK, the USA, Japan,
Australia and a number' of European countries..
The rate of computing development in the most
industrialised nations is very advanced indeed, and we
have come a long way in a mere 30 years since the
early days of computing. The pace of development is
still accelerating and the gap between the most
advanced and the least advanced nations is widening.
This gap can be analysed in a number of areas:
The systems gap
Successful implementation of computer systems is
dependent upon there being a systems infrastructure
on which to build. It is easy in advanced countries
such as the UK to take this infrastructure for granted;
For example, our taxation system works comparatively
efficiently because it has built up over the years and
because individuals, companies, bunks, accountants
and so on are accustomed to the procedures. Where
these procedures do not exist or are inefficient, it
becomes difficult if not impossible to devise a computer
based system to meet the national requirement.
There is often resistance against the establishment of
interdependent systems within a country whL± will
take avery long time to be broken down at the existing
pace of social change. Only by concerted national
effort, sponsored by government, can the pace of
change be accelerated to allow the benefits of
systeznisation to be attained.
The education gap
This is certainly the principal barrier to successful
development and is at the root of the problems which
developing countries face. For a country to move
from the Basic to the Operational level of development
implies an education programme on a national scale.
This means:
a level of general education which will prepare
the population to participate in a computer based
culture. Sooner or later, directly or indirectly, all



















































implementation of computer technology and will
be intimately involved and affected by its
applications;
- a level of general education which will provide a
pool of trained minds sufficiently large to form a
source of computer practitioners;
- a level of higher education which will mature the
nation's computer scientists, computer professionals,
and teachers;
a level of management education which creates
business, commercial and government environments
where computer methods can be introduced;
and finally, a level of technical education and
training which can produce the systems analysts,
programmers, operators and engineers who are
necessary to develop, maintain and support the
growth of applications.
111. The technology gap
It seems likely that the technology gap can never be
bridged. The cost of setting Out Ofl a technological
development path and catching up with the world
leaders would be outside the capability of practically
any nation. This does not mean that a country should
not attempt to carve out a particular area of
technological leadership, but there must in future
always he some dependence upon the most advanced
nations.
One major area where the developing countries may
aspire toli is in software technology. Certainly,
the development of an indigenous capability in this
area can be achieved far more quickly and far more
cheaply than for hardware.
IV. The application gap
What are the applications which developing countries
see as having prioriry? Certainly there is some common
ground with the advanced countries, particularly in
private industry and in government administration
where the problems and the achievable benefits are of
a similar nature. They are not the same, however, and
this has implications for the transferability of software.
Indeed the differences dictate the need for the
development of indigenous software competence.
Almost certainly, it is in the public sphere that the real
differences of priority exist between developed and
developing countries and where they will be manifested.
Examples of the sorts of activities which could be
pursued are development and exploitation of natural
resources. Many developing countries have immense
resources available to them. They have an enormous
task to turn the benefits from those resources into
economic and social growth for the country as a
whole. Programmes of work to achieve this require
major support in planning, in project management
and control and in scientific research and analysis.
The resulting operational systems require continuing
management. All these activities imply requirements
for computer systems.
Raising educational standards. Many developing
countries will have half their population under the age
of 15 during the 1980s. Automated learning systems
are needed to cope with the educational task.
Health care. Computers have already enabled major
advances in raising the standard of health care for
epidemiology and administration systems through the
work of the World Health Organisation. There is
further potential in this area.
Increa.sing food production. Raising output is a matter
of improved agricultural methods, development of
specialised strains, improved distribution and, above
all, national planning. How do the developing countries
see the priority here?
V. The power gap
As information systems develop and increasingly lie
within the control of the most developed countries,
particularly the USA, the developing nations are
becoming increasingly concerned that their freedom
to manage their own affairs might be eroded. The
capacity to process information is fast becoming as
valuable an international commodity as oil fuels, and
the control of information is a major asset which
nations would do well to guard jealously.
An illustration of this problem was quoted at the SPIN
conference The Brazilian representative reported
that a factory in Brazil owned by a United States
multinational has its production con'ról system linked
by satellite back to the parent company in the USA.. In
theory the parent company was in a position simply to
turn the factory off if it so wished.
The United Nations report came to four conclusions
about the role of computing in developing countries.
These were:
'Computer technology will increase in importance
in the developing countries and its diffusion and
sound application can make a significant contribution
in accelerating the rate of their economic and social
development'.
'Education and training for the application of
computers to accelerate the process of economic
and social development must receive first priority'.
Thus, whiist thecareful and judicious application o
computers can speed up the process of national
development, this can only happen if there is effective
education and training first.
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Each developing country needs a broad national
policy consistent with its national goals on the
application of computer tech oLogy'. Obviously plans
will look very different in different countries and
they will depend on the current state of development,
the general level of education, the higher education
programme, the financial, industrial and human
resources available, the status of the communications
systems and the pressures of immediate priorities.
'International cooperation needs to be increased
in activities relating to the application of computer
technology to development'. The developing
countries need help of all kinds to enable them to
take advantage of worldwide computing develop.
ment. It is up to the developed nations to provide
support.
The United Kingdom as a source of
technical assistance
It is clear that the UK has the experience and skills
necessary to help the developing countries move into
the information technology age. It has a mature
infrastructure in computing which has developed over
the last 34) years. It is possibly as advanced technically
as any other country, and in some areas it leads the
world. It has an educational system second to none,
which at university level is nationally planned and
coordinated and whose quality extends in depth to
secondary level. It has a developed government
machine for planning the use and development of
computing in central government. It covers the full
range of industry competence: hardware, software
and services. The UK is also a major contributor to the
establishment of international standards. The extent
of user application is fairly comprehensive and
sophisticated. The work of the National Computing
Centre is known and highly respected throughout the
UK and overseas, and the British Computer Society is
one of the leading professional bodies in the world.
Whilst initiatives are taken from time to time, often in
response to outside requests, for the UK to help and
advise other countries in this area we do seem to have
a marked inability to coordinate our resources. An
example of the problem may be illustrated by referring
to the visit of a UK delegation to Mexico City in 1978.
The purpose of the visit was to hold a seminar on
computing in the public sector for an audience of
Mexican government technical and administration
officials. The delegation was lead by HMG and included
representatives of the UK services industry under the
aegis of the Computing Services Association, ICL (the
largest UK computer firm), the National Computing
Council (NCC) and the British Computing Society
(BCS). The intention was that we should impart useful
54
and valuable information to the Mexican authorities
and that this would be the beginning of a process of
future cooperation. Whilst the conference engendered
great interest amongst the delegates at the time, the
event failed to achieve the objective of closer
cooperation. I believe that the reasons for the failure
of this mission were three-fold:
a shortage of coordination and planning between
the parties in preparation for the visit;
a lack of direction and follow up by the UK
Government, bearing in mind that government bodies
are not normally empowered to take initiatives in
this kind of activity;
the industry participants believed that their
investment in the mission was related to possible
short term returns rather than long term investment
requiring continuing dialngue and coordinated follow
up.
The birth of the UK Council for Computing
Development
The UK Council for Computing Development has
been set up as a company limited by guarantee and
having charitable status. It is funded by membership
subscription and draws its expertise primarily from its
members. Since the announcement of the formation
of the Council in May 1981 most effort has been spent
in seeking support from individuals and organisations
for the proposal. As at the end of October 1981 some
70 individuals and 30 organisations have joined,
providing both financial and technical viability. These
organisations include a number of companies in the
computing industry, users such as British Teleccm
and the Central Computer and Telecommunications
Agency, universities and polytechnics and institutions
such as the BCS, the NCC and the British Council.
The Council is now operational and its immediate
plans are to launch a major effort to publicise itself in
the developing countries and the International
Agencies, and to offer its services to those in need.
The Council will operate in two principle modes in its
dealings with developing countries. It will tend to deal,
in the first instance at any rate, with governmental or
official bodies, and its main aim will be to establish a
bilateral agreement with specific countries that the
UK will help them in formulating a national computing
policy and the computing development strategy that
would arise from this. This in turn would lead to
specific tasks such as the establishment of a national
training institute, the formation of a national computing
centre, setting up professional and technical standards,
encouragement of an indigenous computing industry,
curriculm development in education and maybe
application work in areas of strategic importance to a
country. In supporting these activities the Council will


















development agencies with which it will have links of
its own.
In addition to this major responsibility in respect of
specific countries we may expect many requests from
other countries foradhoc support for particular tasks.
The Council will respond to these as far as it is able
within the limits of its resources.
Conclusion
The objectives of UKCCD should be seen in the
context of policies in general. In the first place the aim
is to help the poorer countries to help themselves,
rather than to attempt to pour resources into the task
of doing the job for them. In the second place the
benefit should be mutual in the sense that the
contributors will themselves gain in the long term
from their contribution and participation. Whilst it is
clear that industry participation is not going to result
in the development of rapid business, most of the
industry members see long term benefits to themselves
in helping these countries to improve their effective
and efficient use of computing, and to establish links
which can be developed in the course of time.
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Methods of Technology Transfer 
among Electronics and Electrical Goods Establishments 
a: Defined u an establishment with over 30% foreIgn equity participation. The rest are classified as locaL 
Table 5 
Average Cost of Technology Transfer 





Im ortation Foreign Training of Technical Royalty 
Type of Professional Local Know-how Payments 
Establishments ° Technical Personnel From For Use 
Equipment 
Personnel Overseas Foreign of Patents 
Ffrms 
Electronics 
MNC Subsidiaries 1,574.1 126.4 109.1 - 65.5: 
Foreign 386.8 124.1 15.5 19.6 852.7 
Local 36.4 6.4 - 22.7 
Electrical 
MNCSubsidiarles - 4.1 55 - - 
Foreign 95 5 35 0 44 1 34.6 764 
Local - 15.9 - 





















Local 6 - 5 - 1 
Electrical 
MNC Subsidiaries 2 2 
Foreigna 5 
- 3 2 - 
Local 2 - 2 - - 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































his includes, in effect, the local non-
availability of m
aterials able to m
eet the required technical specifica-
tions. T
he fact that four establishm
ents cite the poorer q1ality of local
m
aterials w
aS further evidence of this. Further T
able 14 indicates that
m
ost establishm
ents irrespective of product group are of the view
 that




ents also report that im
ports are cheaper.
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he unavilabiity of supplies and m










he latter should, how
ever,
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he transfer of technology involves not only its transfer from
 an
investing (developed) country to the host (developing) country but also
the diffusion of technology in the latter. O
ne of the m
ain argum
ents
against free trade zones and the electronics industries of developing
countries in the absence of linkages w
hich bring about this diffusion.'
W
e have attem








 up to tw
enty-three establishm




he lack of relationship is clear from
 this table. O
nly, three out of
tw
enty-three establishm










seven out of ten establishm













ith local ancillary establishm
ents. A
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ong the latter, the view
 is

















hile there is som
e variety in the range of products,
m
ost do not involve a high level of technology, and it certainly cannot
be said that "the sophistication (of the ancillary establishm
ent) ism
ore
advanced than the current dom
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Reasons for Outside Purchases and Imports of Parts, Materials and 
Supplies Cited by Electronics and Electrical Goods Establishments 
Table 14 
Comparison between Foreign and Local Supplies to Electronics and 
Electrical Goods Establishments 







Type of Establishments (No.) 






Reasons For Outside Purchases 
Not Available Locally 7 7 1 15 78.9 
Purchases of Parent Company 0 0 1 1 5.5 
Better Quality 2 0 0 2 10.5 
More Stable Supply 1 0 0 1 5.3 
Reasons For Imports 
Not Available Locally 9 9 4 22 84.6 
Cheaper 1 1 1 3 11.5 
Pioneer Status 0 0 1 1 3.9 




Local Supplier is: - Respondents 
.. Products Components 
Poorer 5 5 2 12 70.6 
Equal 0 2 1 3 
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TECHNOLOGY TRANSFERS AND INTERNATIONAL
COMPETITIVENESS: THE CASE OF ELECTRONIC
CALCULATORS
Badiul A. Majumdar
Albers School oF Business
Seattle University
Abstract. International diffusion of production technologies, along with their creation, is
increasingly recognized to cause dynamic changes in the pattern of international trade
and investment. This paper seeks to develop a link between innovations, diffusions, and in-
ternational competitiveness In electronic calculators in order to provide a greater under.
standing of this dynamic process. The major finding of the study Is that changes in factor
Intensities were reSponsible for international migrations of electronic calculator technol.
ogy between the U.S. and Japan. Another significant finding is that there is indeed an asso.
clation between technology transfers and International trade.
I It is now generally accepted that international migration of production technol.
ogies causes dynamic changes in the pattern of international trade and invest-
ment.1 Nevertheless, our knowledge in this area of economics is greatly limited.
In the literature, there is a "paucity of clearly framed questions about technology
transfer."2 In fact, only recently have economists begun to pay serious attention
to this important area of economic inquiry.3
The product cycle theory,'by specifying a sequence of technology transfer dic-
tated mainly by a gradual dominance of labor in the total producIon cost as the
life-cycle of a product advances, provides the only theoretical framework for ana-
lyzing international transfer of technology. But in high technology-based prod-
ucts, which continue to undergo successive innovations, labor cost actually
decreases as they begin to age toward maturity.4 Furthermore, because of the
minimization of the international "technology gap" in recent years, the underly.
ing technology is often transferred from one coijntry to the other before the prod-
uct attains maturity, and sometimes the sequence of transfer becomes reversed.
Thus, the product cycle theory is unable to explain fully the international migra-
tion of production location of many recently developed high technology-based
products.
This paper deals with one such recently developed product. It attempts a case
study of the electronic calculator industry with a view toward shedding some
further light on the issue of international technology migration.5 Through an ex-
amination of the changes In the product characteristics and their economic rami-
fications, the paper seeks to identify the factors contributing to the transfers of
the electronic calculator technology between the U.S. and Japan.6 The paper also
investigatesthe effects of the transfers on the relative competitive positions of
both the countries.
The first transistorized electronic calculator was developed in the U.S. in 1962.
The technology embodying the product was transferred to Japan through imita-
tion in 1964, and the electronic calculator technology migrated back to the U.S. in
1971. Japan has again become the dominant producer of electronic calculators
since 1975.
'Badiul A. Majumdar is an Assistant Professor of Economics and Finance at Seattle Univer-
sity. His research interests include economics of technological change and dynamic com-
parative advantage.
The author wishes to acknowledge the many helpful comments and suggestions of Pro-









Relative Shares of Major Producers in World Calculator Production
Shares of Individual Countries in Percentages
Source: U.S. Department of Commerce, "Industrial Outlook Report of the Business Ma-
chines Industry," various issues. Figures for 1975-1977 are obtained with the assistance of
Mr. John McPhee of the U.S. Department of Commerce.
Note: Production data include electromechanical calculators. Although completely re-
placed later, production of electromechancial calculators continued until 1970 in the
United States, West Germany and Italy. As a result, the figures understate the Japanese
shares of the world electronic calculator production for the early years.
Transfers of technology are manifested in the shifts of location of production.
Table 1 presents the data on the shifts of location of production of electronic cal-
culators between the U.S. and Japan in terms of changes in their relative shares
of world production. It also shows the relative contributions of other minor pro-
ducers to the total world production.
For the purpose of analysis, the period covered by Table 1 can be dlvided into
three distinct phases: 1967-1971, 1972-1974 and 1975-1977. The figures show
that, after the Japanese imitation in 1974, their share of the world production of
electronic calculators increased from 14 percent in 1967 to a peak of 54 percent in
1971. With this increase In the level of Japanese production, the American share
decreased gradually, indicating a shift of location of production of electronic cal-
culators from the U.S. to Japan during the first phase. The Japanese gain in pro-
duction was also at the cost of other major producers. However, after 1971, the
U.s. began to figure prominently again in the world electronic calculator produc-
tion. The U.S. gain of dominance during the second phase was accompanied by a
continuing decrease of the Japanese and other countries' shares of the world pro-
duction of electronic calculators.
During the third phase, Japan again became the most dominant producer, account-
ing for over 50 percent of the total world production of electronic calculators. This
Japanese gain coincided with the decline of the American share of production. It
may be significant to note that the Japanese dominance continued in the third
phase in spite df increasing level of production of the electronic calculator in the
developing countries.
It must be pointed Out that the Japanese imitation of the electronic calculator
technology in 1964 occurred without any assistance from the original producers
in the U.S. There were no licensing or joint venture agreements. The Japanese
producers rather copied the product through a process of so-called "reverse engi-
neering."7 Furthermore, although the Japanese produced electronic calculators
104 on a large scale during the first phase, they did so with semiconductor compo-
nents supplit b
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The transfers of the electronic calculator technology discussed above can be ex-
plained in terms of technical factors and their economic implications. However,
to fully understand the factors that influenced the transfers, we first need to know
what was involved in the production of the electronic calculator vis-a-vis its prede-
cessorthe electromechanical calculatorand also how the production charac-
teristics changed over time.
The electromechanical calculatora so-called marvel of mechanical design and
craftsmanshipwas produced on a large scale in the U.S. and other European
countries ii Integrated plants, employing a relatively capital-intensive production
technique. By contrast, the development of the electronic calculator represented
a radical change in the state-of-the-art an completely changed the skills require-
ment of calculator production. Unlike the electromechanical calculator, the elec-
tronic calculator was based on semiconductor technology, requiring the skills to
design electronic circuits.
The electronic calculator was made of three main devices: an appropriate elec-
tronic circuit, a keyboard, and a display device. The building of the complete cir-
cuitry, which is the brain of the calculator, constituted the most important task in
the assembly operation. The early electronic calculator circuits were built manu-
ally by using thousands of "discrete" semiconductor components; thus, labor
cost was a dominant factor in the assembly of initial electronic calculators.
More significantly, because the early electronic calculators used standard semi-
conductor componentssuch as, transistors and diodesone could become an
assembler of electronic calculators without having to manufacture the compo-
nents. This fact, coupled with the lack of scope for automation in the actual as-
sembly, made the initial start-up cost of electronic calculator production low as
compared with electromechanical calculators.9
Over the years, the electronic calculator went through several far-reaching techni-
cal transitions. In 1967, several thousand discrete components were replaced by
less than 100 integrated circuits in the calculator circuits, which were later rè-
placed by only four MOS/LSI chips In 1969. These innovations gradually de-
creased the labor content of the calculator assembly, and they were pioneered by
the Japanese. However, the most important milestone in the calculator state-of-
the-art was the development of the "calculator on a chip" by an American firm in
1971, which integrated all the necessary calculator circuit functions on a single,
small MOS/LSI chip. This development made the assembly of units extremely
simple, eliminating many intermediate steps, which significantly reduced the
labor content of the assembly cost.
Another significant innovation was the development of the "calculator on a sub-
state" (COS). The COS calculator, brought out again by the Japanese in 1973, was
a "giant step toward complete system integration."° The development of the
COS system made the assembly of electronic calculators even simpler, reducing
the labor requirement for the assembly further.
The very innovation of the electronic calculator and the subsequent technical
transitions had important economic effects. Table 2 presents these effects along
with the relative hourly wage rates in the precision machinery industry of the U.S.





nents supplied by U.S. firms. They designed "improved electronic calculators,
roduction utilizing much more complex integrated circuitry developed in the United States.
Many of these integrated circuit components were also supplied by U.S. manufac-
Percentages .turers."8 Each of the major firms producing electronic calculators in Japan had
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early electronic calculators were produced with markedly different factor intensi-
ties. The proportion of total unit cost accounted for by labor was nearly one and
one-half times as much in the case of electronic calculators as in electromechani-
cal calculators. As a result, although the electronic calculator was developed in
the U.S. to save human labor time in information processing tasks in the early
years, its production characteristics in terms. of relatively high labor share fa-
vored the Japanese, whose wage rate was less than one-fifth the American rate in
1964.
Because there were willing suppliers of necessary components among the Ameri-
can semiconductor firms, the relatively high labor content of the new electronic
calculator provided a significant cost advantage to the Japanese, which induced
the imitation.
The availability of the necessary skills to design and assemble final electronic
products, using the discrete semiconductor components, facilitated the imitation.
At the time of the Imitation in 1964, a vast number of engineers and production
workers with relevent skills, who were trained In the course of mass production of
consumer electronic productssuch as, transistor radios and televisionswere
available in Japan. Another important source of designing skills was the Japanese
computer industry.1' In addition, under the provisions of the Electronic Industry
Development Lai, enacted in 1957 to foster the electronic industry, large num-
bers of ingineers were trained to "reinforce the development of technical capac-
ity."12
Another important factor that facilitated the imitation was that the Japanese were
not major electromechanical calculator producers, so they had no "vested in-
terest" and had little to lose by pursuing electronic calculator production.13 Be-
sides, the low start-up cost of electronic calculator production made the imitation
easier.
'Table 2 also shows that the factor proportions in the production of electronic cal-
culators changed drastically over the years. 1VIth each innovation in the circuitry,
the labor share of the electronic calculator cost declined gradually. The greatest
saving of labor occured when all the electronics of the calculator were integrated
on a single MOS/LSI chip. The new factor intensity was relatively more favorable
to the U.S. wage rate. However, what was most crucial to the strong U.S. showing
during the second phase was that the American firms pioneered this innovation.
Part of the reason why the production of electronic calculators shifted to the U.S.
during the second phase at the expense of Japan was that the pattern of compe-
tition in the industry changed during that period. The American semiconductor
giantsTexas Instruments, Rockwell International, National Semiconductor
became involved in calculator production during this period; thus those who were
formerly Suppliers to the Japanese calculator firms became their competitors.
With the introduction and further refinement of the COS system, the factor inten-
sity of calculator production changed significantly again. The labor share became
a smaller proportion (as low as 5 percent) of the calculator cost. The assembly of
electronic calculators became a relatively automated procedure. This change in
factor intensity in the third phase was advantageous to the Japanese since their
wage rate in the precision machinery industry exceeded the American rate during
the period. In addition, it was the Japanese who innovated the COS system, and
they also attained self-sufficiency in calculator component production during the
period. It was not surprising that Japan. became again the single most dominant
producer of electronic calculators in the third phase.
The transfers of the electronic calculator technology back and forth between the
U.S. and Japan had significantly affected the pattern of competitive advantage14
in electronic calculators. Table 3 presents the data on the relative positions of the







tronic calculatorsand in the world market. The figures show a sharp contrast in
the direction of trade in electronic calculators during the two phases.
The direction of competitive advantages seems to have paralleled the direction of
migration of the electronic calculator technology. Although they started with a
meager 17 percent of the market in 1967, the Japanese captured 67 percent of the
total number of electronic calculators sold in the U.S. in 1969. Their share of the
market increased even further during the next two years. By 1971, they supplied
80 percent of the American market. However, during the second phase, as a con-
sequence of the migration of the technology, the U.S. became dominant In the
domestic electronic calculator market.
The situation was reversed to a significant extent during the third phase The pro-
portion of the American market accounted for by the Japanese increased to 40
percent in 1976 from 25 percent In 1974; however, theJapanese share declined
again In 1977. This decline is perhaps attributable to the sharp appreciation of the
yen with respect to the dollar in recent years. In addition, the Imports of electronic
calculators from Japan have in recent years faced increased competition from
similar products from developing countries, such as Hong Kong and Taiwan.
The computed export elasticities, which compare the individual country's export
performance with the world imports, show a similar pattern. When the Japanese
were capturing an ever-Increasing share of the American market, their export
elasticity was high, Indicating their strong competitiveness worldwide. When the
Japanese were losing the U.S. market to the domestic producers, Japan's export
elasticity coefficients were low, whereas the U.S. coefficients were significantly
higher than one. Thus, the pattern of competitive advantage in electronic calcula-
tors has shifted drastically as the underlying technology has migrated.
CONCLUSIONS A country may decide to foster a foreign technology for many possible reasons,
AND all of which may not be economic, but there must be strong economic incentives
IMPLICATIONS for the country's Individual economic agents actually to adopt and disseminate it
quickly. The most important factor that induced the Japanese firms to Imitate the
electronic calculator was that the factor intensities of the early electronic calcu-
lators were relatively more consistent with the Japanese factor supply advan-
tage.that is, cheap labor. Japan had the necessary skills to take advantage of
this favorable situation. They also did not have a large electromechanical calcu-
lator Industry to create a "vested Interest" against the adoption. The absence of a
domestic source of supply of components was not a major obstacle. Similarly,
the development of the single-chip calculator by the American firms, which caused
significant saving of labor, was a crucial factor in helping the U.S., with its rela-
tively higher wage rate, attain. dominance In electronic calculators. A similar ex-
planation is applicable to the Japanese dominance following the Innovation of
the COS calculator. Thus, It can be concluded that as innovations changed the in-
put requirements of the electronic calculator, the country favored by this change
became the location of production.
It has been found also that there is Indeed an association between technology
transfers and international trade. When the electronic calculator technology
migrated from the U.S. to Japan during the first phase, so did competitive advan..
tage. The same pattern held true when the technology migrated from Japan to the
U.S. In the second phase. The third phase shows ar. almost identical relationship.
In other words, the dynamic competitive advantage in electronic calculators was
determined by the pattern of technology migration. This finding confirms the
hypothesized connection between technology migration and international trade,
as expounded by the so-called "new theories" of trade.
Although the study presents a special case, it has implications for the recent
108 demands of the American producers of consumer electronic productssuch as,
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television setsfor protection from imports. The increased imports of these prod-
ucts may represent a short-term phenomenon, which may be reversed quickly by
long-term forces of technology, as has happened In the case of electronic calcu
lators. Thus, attempts to influence the technical forces rather than tinkering with
protectionist measures may be a more fruitful course of action from a long-term
point of view.
It may also be interesting to .note that the product cycle theory, which is a
dynamic theory of comparative advantage, cannot adequately explain the trans-
fers of the electronic calculator technology. Unlike the sequence specified by the
theory, the Japanese imitation of the product took place long before the product
became' mature. Besides, the American gain of dominance in electronic calcula-
tors during the second phase was in response to decreases iniabor Intensity as
opposed to increases, as postulated by the product cycle theory. In addition, the
experience of the electronic calculator industry Indicates that the technology
migration process may not, after all, be unidirectional, as the product cycle theory
would have us believe.
FOOTNOTES 1. For example, Johnson argues that "the essence of the dynamic theory of comparative
cost Is the international migration of production," In Harry G. Johnson, Comparative Cost
and Commercial Policy Theory For a Developing World Economy Wicksell Lectures 1968
(Stockholm: Almqvist and Wickselt, 1968), p. 31.
Richard E. Caves, "Effects on International Technology Transfer on the U.S. Economy,"
in National Science Foundation, The Effects of International Technology Transfer on U.S.
Economy (Washington, DC, 1974), p. 38.
For the Arlie House Conference on Transfer of Technology held in 1966, Professor Jan
Kamenta was assigned to make a survey of "what economic theory had to say about
transfer of technology. Finding that economic theory had little to offer," he had to develop
his own theory for presentation a the conference. Daniel L Spencer and Alexander
Woroniak, The Transfer of Technology to Developing Countries (New York: Praeger Pub-
lishers, 1967), p. 2.
For example, see Badlul A. Majumdar, Innovations, Product Developments and Technol-
ogy Transfers: An Empirical Study of Dynamic Competitive Advantage (Washington,
DC: University Press of America), forthcoming.
Contrary to the neoclassical tradition, I define the term "technology" as the knowledge
about a product (or process) and the means through which It can be produced (or imple-
mented).
RIchard Caves, "Effects of International Technology Transfer," p. 37, recently suggested
such a methodology:
Channels of technology receipt. . . . We have plenty of casual evidence on this question, but it is
capable of systematic Investigation. One attractive design would be to compare a given industry
in several countries.. . .that have apparently used different channels to ingest It .. . Because the
technology Is not an easily measured flow, I suspect that only a painstaking analysis of cases
would be feasible.
The Congressional Record documents that
All Japanese companies benefited greatly from the years of expensive research and development
work done by the American companies.. . which had produced the first electronic calculators.
Since there was little by way of patent protection, the Japanese were able to use the early Amer.
ican commercial units as models.
U.S. Congress, House of RepresentatIves, 92nd Congress, Second session, Congressional
Record, p. 13549.
U.S. International Trade Commission "Calculators, Typewriters and Typewriter Parts,"
Report to the President on Investigation No. TEA W-140, TC Publication 492 (Washington.
DC, 1972), p. 11.
U.S. Congress, Congressional Record, p. 13549.
Atushi Asada, "Calculator's Parts are integrated on a Single Glass SubStrate," Elec-
tronics, 6 February 1975, p. 109.
Japan was the only country besides the U.S., the Soviet Union, and the UK to have a
domestic computer industry. See U.S. Department of Commerce, Japan: The Government-
Business Relationship (Washington, DC, 1974), p. 78.
The Electronic Industry Development Emergency Law (EIDEL) was enacted in 1957,
110 when Japan as a matter of policy decided to develop the indigenous electronic industry.
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One original purpose of the EIDEL was to increase the domestic skills base. See Ministry of
International Trade and Industry, "Commentary on the EIDEL" June 1970 (mimeographed).
According to U.S. Congress, Congressional Record, p. 13549:
The Japanese who had never been factors in the mechanical rotary or printing calculator busi.
ness, were not held backby large inventories and investment In that business. Thus, the
Japanese were able to make a complete commitment to electronic calculators without concern
for pre.exislIng products or business.
The term "Competitive advantage" is used here to distinguish it from the concept of
"comparative advantage." For the distinctions, see Badiul A. Majumdar, Innovations and
International Trade: An Industry Study of Dynamic Competitive Advantage," Kyklos, Fasc.
3 (1979), p. 560.
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RESEARCH AND TECHNOLOGICAL CAPACITY




The twin energy crises posed by the increased price of fossil fuels
and the threat of deforestation confronts the developing countries with a
major technological challenge. As an urgent necessity, they muse mobilize
technology for the use of renewable energy resources. In doing so, they must
surmount the obstacles presented by a fastevolving field which offers a broad
range of technologies of varying sophistication, many of which were developed
to meet needs other than their own.
Yet the rewards are significant. Improved renewable energy techno-
logy can do more than save scarce foreign exchange by replacing increasingly
expensive fossil fuel imports. It can also help meet the development needs of
the poorer majority through energy applications that are more efficient and
appropriate, as well, as being less costly.
This report examines the needs not only for research on renewable
energy technology suited to the individual conditions of developing countries,
but also for building technological capacity in those countries to assess
needs and resources, and to choose, adapt, create and diffuse renewable energy
technology suited to their needs. It concludes that developing countries
would derive major benefits from increased investment in these two 1ey areas.
It accordingly outlines a global strategy to this affect.
It recommends that emisting bilateral and multilateral assistance to
national programs in renewable energy technology be expanded and reoriented
-ii-
towards increased emphasis on building local technological capacity. It
further racoends that new international programs be undertaken (i) to
diagnose the needs for tan uicai. assistance to strengthen oad.ouaJ. scientific
and technological capabilities for reuevabi.e energy development (ii) to
support research on biomass production technology of particular interest
to developing countries and (iii) to facilitate the transfer to developing
countr±es of advances in rene,,abj.a energy technology made in industrialized
countries and in ocher devei.oping countries.
SpecificaLly, these new programs would: assist developing countties
to diagnose needs for building local scientific and technical. capacity for
renewable energy needs and resource assessment, research and development,
technology assessment, demonstration and diffusion; improve technologies
for producing biomass from fa{1{r crops (sugarcane, cassava, sweet sorgbt)
and investigate the potential of familiar and novel species for biomasa
production on nonagrioultiaral. Land; and develop reliable data on the perform-
ance of renewable energy technologies for the production of heat, mechanical
and electrical energy, evaluate experience in different countries with such
technology, and make global assessments of likely future technological. develop-
ments and their implications for renewable energy use in developing countries.
This report proposes the first outline of this manor international
initiative. It is the main document to be considered by the Ad Eon Advisory
Co.ttee on .esearth and technological Capacity for the use of aenewable
Energy Resources to be convened by the Energy Daparent of the World Bank
ovember 19-21, 1980. A suitably revised report will, be prepared th.ereater. This
revised report will, contribute to discussions preceding the Inited latous
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1.01 The increased price of fossil fuels confronts the developing
countries with a major challenge. As an urgent necessity, they must mobilize
technology for the use of renewable energy resources. 1/ In doing so, they
encounter three obstacles. First, they are faced with a fast-evolving field,
as renewable energy technology was neglected in favor of fossil fuel techno-
logies during the years of cheap petroleum. Second, they must choose for a
broad range of applications, from technologies that vary in sophistication
from photovoltaic cells to clay stoves and village fuelwood lots. Third, many
of the rapidly changing technologies they must become acquainted with, and
match to their needs, were developed to meet needs other than their own.
1.02 These obstacles are surmountable. And renewable energy Will do more
than save scarce foreign exchange by replacing increasingly expensive fuel
imports. It will help meet the development needs of the poorer majority,
by providing energy in forms that are not only less costly, but also more
efficient and appropriate for their needs.
Renewable energy is used in this discussion to mean an energy form, the
supply of which is partly or wholly regenerated in the course of the
annual solar cycle. Thus solar and wind energy, hydropower, and fuels
of vegetable origin are regarded as renewable; mineral fuels, geothermal,
wave, tidal, and nuclear power are not. Large hydropower installations
also are excluded from the analysis. The line between renewable energy
technology and conservation technologies has been somewhat arbitrarily
drawn: specifically, wood stoves are considered, but passive solar
architecture is excluded.
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1.03 Where will the technological advance required for these practical
applications of renewable energy in developing countries originate? Much
of the impetus will st from the efforts of public or private companies in
industrialized countries. These companies are responding to the new energy
economics by sing tcdern materiaLs and established engineering principles
to improve neglected technologies, as wail as to develop new technologies.
1.04 To speed this advance, severa.1. induacria.Ltzed countries (and a
few developing ones) have encouraged research, development, demonstration,
and coerc.ia.lization of renewable energy technologies and applications.
These activi ties have taken place in both governsent institutes and in
the productive sector. 1/ They range from the applications of weil known
principles of science and engineering to explorations at the frontiers of
knowledge. The policies and programs involved are concerned mainly with
sophisticated technologies to meet the industrialized countries own needs.
Once these technologies are proven, they will become available to the develop-
ing countries through normal coerc.ia2. channels. Moreover, advances in such
fields as the hydrogen economy, photosynthesis, and fusion could have major
long term effects on energy use throughout the world.
1.05 Experience shows, however, that imported technology seldom matches
the needs of developing countries. It requires major changes in scale, and
extensive adaptation to suit local conditions. This is true even for the
modern sector of developing economies. Many of the technologies which do
have the greatest potential use in the developing countries have only been
minimally tasted in these countries. In any event, such technology is
1/ The productive sector refers to that part of the economy, whether
privately or publicly owned, which produces goods and services.
2:1 SecM8O-593.
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frequently beyond the resources of poor people in developing countries. Their
special needs are unlikely to attract investment in innovative technology from
the private sector.
1.06 For these reasons, many of the technologies needed in developing
countries will, be developed or adapted locally or will be transferred from
other developing countries. In.order to bring about the widespread applica-
tion of these technologies in developing countries two significant steps are
needed - advances in, or adaptation of, these technologies; and the building
of the capability within the developing countries to undertake these advances
and apply them effectively. This involves competence in engineering and in
both natural and social sciences. It includes the ability to assess needs and
resources. It requires the skills to choose, adapt, and create the necessary
technologies, and the ability to establish appropriate institutions for their
manufacture, commercialization, and distribution.
3. Role of the World Bank
1.07 The World Bank has responded to the needs of its developing member
countries as the urgency for this use of their renewable energy resources has
become apparent. It constituted a Task Force on Renewable Energy in December
1979 "to consider the 3anCs role in the development of renewable energy and
to recommend an action program for Bank lending and activities in the years
immediately ahead." The findings of the task force were suarized in the
report on "Renewable Energy Resources" distributed to the Executive Directors
of the Bank on July 31, 1980.. 1/
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1.08 The work of the cask force also contributed to the Bank policy paper
"Znergy in the Devei.oping Count:ies (August 1980). This report emphasized the
fundamental importance of planning institutions, extension and delivery systems,
and research programs for the eabiitzation of renewable energy resources. It
points our (p.41) that progress in exploiting renewable energy potential can
easily be hampered by the lack of a coherent national energy plan within which
the role of renewabl.e energy can be defined, priorities among the various
technologies determined, and resources assigned - especially when programs
to develop renewable energy sources begin to require important policy and
budgetary commitments. To use these resources an a wide scale vii]. require
extension and other delivery systems that are capable of reaching the urban
and rural poor with technica.1. and social assistance and credit facilitias.
The report further suggests (p.42) that ... attention needs to be given to
strengthening national research programs and to the possibility of organizing
international. programs of research on specific renewable energy technologies.'
C. Organization of the Report
1.09 The remainder of this report is divided into three sections. The
first assesses needs for building a locai. capacity for nobilizing renewable
energy technology in developing countries. This theme is treated first
because the crux of t s challenge is not the technological hardware itseLf,
but rather the capacity and ability to identify problems and match solutions
to them. &f:er a brief overview, the section reviews the present state of
national capacity and the scope of bilateral aid programs. It concludes
with a series of recommendations. The second section addresses the need for
research and assessment of an extensive List of technologies relevant co
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the needs of developing countries. I,t first reviews the agricui.turaJ. tech-
nologies for biomass production and their applications, and then technologies
for generating heat, mechanical and electrical energy. It ends by proposing
new international programs. The third section summarizes the reporcs
recommendations and possible institutional arrangements for implementing
these programs.
II BUILDING CAPACIT! IN DEVELOPING COUNTRIES FOR MOBILIZITG
RENEWABLE ENERGY TECUNOLOGY
2.01. Because the scope of the field is so wide, some degree of local.
technological capacity in renewable energy is within the reach of every
developing country. Some of these countries are planning and implementing
major integrated mu.Ltisectora]. programs for the exploitation of renewable
energy resources. They aspire to manufacturing and export capacity and
l.eadership in technologies, such as fuel ethanol, requiring an industrial
and professional base. Other countries may find it more appropriate to
concentrate on adapting and diffusing simpler, less expensive technologies,
such as cooking stoves and biogas.
2.02 The World Bank report on "Renewable Energy Resources' stresses (para
3.27) the two important roles of national research programs: "In the first
place, [they are] a vital part of the technology transfer/absorption mechanism
in that they enable developing country scientists and technologists to acquire
direct working experience with the new technologies. And, second, they enable
the developing countries to acquire the technical ability to adapt imported
technologies to the local enviroent and to improve on traditional local
technologies."
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2.03 The fu.U. range of technological capacity needed to mobilize renew-
able energy' technology in devei.oping countries is very broad. Lesources need
to be surveyed and needs assessed. I stria.1. technology has to be reviewed
and selected. Agricultura.1. and industrial research must be undertaken..
technologies have to be developed, demonstrated and extended, and steps taken
to assure their local manufacture, coserciaiization, and diffusion. Also to
be addressed are the technological and sociocui.tural elements of policymaking
involving renewable energy resources, and this includes establishing incentives
for their use. Purther, renewable energy considerations must be integrated
into a broader energy policy and into policymaking in such sectors as agricui.-
tura, industry, urban development, and transport.
2.04 This comprehensive technological capacity should animate institutions
ranging from those of the scientific and technological infrastructure -
universities, goverent laboratories, extension services, and the like -
to the engineering groups of private or public sector manufacturing firms,
and consulting and engineering organizations. Also involved wiLl he non-
governsenta]. organizations active in coinity development; resource survey
groups; analysis divisions of energy or planning ministries; and private
individuals. Particularly significant will be achieving the proper balance
between efforts to stimulate technological innovation and adaptation and
efforts to diffuse technology and encourage its use.
2.05 The effective mobilization of renewable energy technology depends
on cooperation and synergy among these organizations and individuals, as
veil as on politica.1. commitment. The precise form of this cooperation
will depend on a specific couutrys objectives; on its social and cultural
L
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traditions; on its financial, material, and human resource base; on the level
of its overall development; and on the technologies it needs to use. For
example, local cadres in China have taken major responsibility for the design
and implementation of projects for biogas, small hydropower installations, and
village fuelwood. National and provincial organizations are responsible for
advanced training, research, and the planning and coordination of the tech-
nologicai. development involved. In Guatemala, India, and Sri Lanka, in.formal.
voluntary organizations with an intimate understanding of local problems have
made important contributions to biogas projects and to improved cooking
stoves. The 3razilian national program on fuel ethanol, by contrast, is
centrally managed by the federal Ministry of Industry. The national petroleum
monopoly, several national laboratories, private research centers, and a large
number of manufactuxing organizations are all involved.
2.06 The worldwide response to the new energy era is at an early stage.
Not every country can employ the full range of capacities needed to mobilize
renewable energy. . start must nevertheless be made. The integration of
technological capacity with policymaking in the renewable energy field, and
of renewable energy with overall energy problems is desirable, but may be
more than can be realistically handled at this stage. Few if any developed
or developing countries have achieved this objective. Developing countries
should nevertheless strengthen linkages between their renewable energy
development efforts and overall energy planning and demand management activi-
ties. To date, renewable energy development has often been neglected in the
formulation of overall energy policy.
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I. Present State of National Capability
2.07 Virtua.Uy every developing country is attempting some improvement
in its use of renewable energy resources. These activities range from major
investments to a few uncoordinated demonstrations. . preliminary review of
the capabilities of 19 countries for mobilizing renewable energy technology
indicates that the countries concerned can be placed in three broad groups.
2.08 The first group of countries demonstrate the highest level of
institutions, teebnicai. skills, expertise for social analysis, and policy
co ent for renewable energy. The next group show a relatively recent
policy coitmeut but only a limited capabil.tty, or converselye some capability
but no policy coient. The third group have a minimal policy coiitment
and a low level of capability. Their activities are limited to a few projects,
both technical skills and the mechanism for the diffusion of renewable energy
technology are limited, and there is little coordination among the few ineni-
tutious or individuals showing initiative in this area.
2.09 In the first group of countries, the policy coitment to mobilize
renewable energy technology is generally high. There is a strong, or a
rapidly emerging, scientific and technological comnity, supported by
adequate facilities. These countries have a substantial manufacturing base
and there emiacs a degree of synergy among the organizations concerned with
renewable energy technology.
1.10 One of these countries has effec:ivei.y diffused biogas, small
hydropower, and village fuelwood. systems throughout its rural areas. It has
done so as part of an overall development strategy which emphasizes building
local self-reliance, technological infrastructure and decision-making and
innovative capacity. Another has concentrated on the development of alcohol
fuels, an area in which it is a world leader, but it also has capabilities and
programs in other areas. Two others pursue research and diffusion programs
in virtually all areas of renewable energy Another employs policies that
encourage renewable energy applications. It has established a large number
o.f research, manufacturing, and training institutions dealing with renewable
energy technology. Senior personnel are limited, but the government has an
aggressive program to attract back skilled emigres. Still another country,
though not as advanced as others in this category in terms of manpower and
infrastructure, has a framework for research, manpower training and diffusion
of technology.
2.11 The second group of countries has concentrated on relatively simple
technologies. The policy commitment of these governments to the zse of
renewable energy resources is leading to the creation of an infrastructure,
of human resources, and of appropriate policy and institutional mechanisms.
ost of these countries lack technical personnel and rely on expatriates for
their senior staff. In one country the need to develop strong organizational.
and project management skills in public sector organizations was identified as
critical to further progress. Some countries have a large number of entities
working on renewable energy, and are in the process of formulating policies to
establish linkages among them. Others have a good research and manufacturing
capacity, but need to develop their capability to perform surveys and energy
assessments. Others have a concrete plan, but lack the financial and technical
resources to implement it. Accordingly, coercialization and diffusion
mechanisms have not yet fully evolved in these countries. They have achieved
a reasonable degree of informal cooperation at the working level, but lack a
mechanism to insure the continuity of renewable energy projects or the consis-
tency of such projects with broad national objectives.
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2.12 The third group of countries Lacks an institutional framework for
for i.Lating policies and programs for the development and diffusion of renew-
able energy technologies. Activities are l.Lm.Lr.ed to a few uncoordinated
projects. A few countries in this group have virtually no indigenous capacity
for either research or diffusion. The few active projects that are being
undertaken in the countries are eanaged and excuted by expatri.acas. There is
no evidence of a coordinated attempt to develop and exploit renewable energy
resources. In two oil exporting developing countries, renewable energy
resources have been given low priority, and the skilled anpower potential has
not been tapped. As a resu.Lt, even the limited activities pursued at univer-
sities and other research centers are Lsolated and fragmented. In another oiX
exporting country, sk.U.led scientific researchers are working on a few projects
with well, equipped facilities, but there La no apparent interest in diffusion
or commercia,U.zation of renewable energy technology or equipment. In two
other countries, the research effort is uncoordinated and not linked to the
productive sector for diffusion and coerc.La.LLzation. Both these countries
have recently begun to develop an energy plan.
3. Review of Bilateral Aid Programs
2.13 Programs of bilateral aid for the development of renewable energy
resources are relatively new and still evolving. A revaw of eight such
programs reveals an orientation towards the demonstration of hardware
developed in the laboratories and enterprises of the donor country. 1/ Some
donor countries have attempted to u1Md P craa.taxrnrt mark&rjthe
developing countries for their own solaç_induatries. Most of the research
is sr.iU done in the home country. The technologies are not designed with a
view to suiting developing countries conditions; On the contrary, project
conditions are chosen to d±play and test the technologies under favorable
circumstances,
2.14 As a consequence, not much attention has been given so far to the
analysis of end-use needs, the development of local capability to undertake
research on the technological, social and economic impact of renewable energy
resources, or to plan for the widespread utilization of these technologies.
The creation of local institutions and mechanisms for marketing and commercial-
ization of renewable energy technologies has also been neglected. What is
more, the demonstration projects have tended to becomeends in themselves.
They have not been subjected to the extensive testing, evaluation, and.
adaptation that could. lead to a widespread use of the technologies within
the country.
2.15 Several of these aid programs are being reoriented to remedy these
deficiencies. A small but increasing degree of support is being provided
1/ See "Policies and Programs for Renewable Energy Assistance in Eight
Development Agencies: Summary and Critical Evaluation" (T. Bartlem
and R.T. 3offman). The eight programs are those of US, EEC,
Germany, Canada, Sweden and the Netherlands. The aid programs examined
are at widely different stages of development and exhibit considerable
differences in emphasis. Some agencies are already well advanced in
organization, in funding, and in the ability to meet changing circumstances
and to assist in institution-building and training. Others have yet to
formu.late a renewable energy strategy and to form a staff. Some have had
substantial experience in simpler agriculture- and forestry-based techno-
logies, while others are providing leadership in more advanced solar-
industria.]. technogies. While some agencies have developed an extensive
technical and social data base, few have collected useful economic data
from their field operations. This lack of data has precluded an economic
analysis of how much their test technologies would cost as compared to
other alternatives.
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for loca.1. manufacture, for cooperation with local scientific and engineering
institutions, and fo1r the training of loc.aJ. energy analysts (mostly in the
donor country). All, the agencies studied share the growing rea.U.zation of the
importance of building local, research and institutional capacity. In most
cases, however, this concern has yet to be translated into concrete action.
2.16 Bilateral. agencies and foundations tend to be inadequately informed
as to what their colleagues are doing. they could benefit from a systematic
exchange of information, including interagency' meetings. Topics involved
could be the overall level of efforts of each agency in each country and
in each technology, as well, as information on project plans and experience.
This process should have a threefold impact. It would eable the agencies to
learn from each others experiences, to avoid duplication of efforts, and to
agree on priority areas for aid activities. Ideally, in-country coordination
is the task of the recipient country and indeed is an element of local
capability. The purpose of coordination among donors would be to make this
task easier.
C. Recommendations
2.1.7 The needs of countries for external, assistance in developing their
capacity for the use of renewable energy resources depend on two factors:
the level of the capacity that already exists, and on the technologies and
institutional arrangements best suited to their needs and conditions. Against
this background, the recommendations that follow first consider the three
groups of countries already described, and then address broader needs, nclud-
ing new institutionAl approaches.
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2.18 The first group of developing countries have substantial programs
for development of at least a few kinds of renewable energy resources and,
in several cases, a record of successful manufacture of internationally
competitive equipment. Equally important, they have achieved a degree of
synergy among different programs and at least the beginnings of coordination
with policy-makers. Several of these countries have done this with little or
no outside help. In their fields of competence these countries can relate to
the world scientific and technological community as full. members or even as
leaders. They can collaborate with their peers in other countries, define
their own needs for expert assistance, and offer assistance to other develop-
ing countries less advanced in these fields. In these countries, needs for
international cooperation are likely to involve advanced training, the expan-
sion of emisting infrastructure, and funds for research, development, engineer-
ing, demonstration and market evelopu&ent. The funds would be channeled both
to government institutes and to the private sector, and would include measures
to facilitate international collaboration with national researchers Measures
to encourage the transfer to and mastery of imported technology in the private
sector may also be needed, as veil as measures to facilitate joint ventures
and other suitable business arrangements between domestic and foreign firms.
2.19 The second group of countries have recognized the potential
importance of renewable energy. They have made a start, in most cases a small
one, toward launching a balanced program and policy reasonably consistent with
their equally limited overall energy efforts. These countries, in most cases,
need external assistance in formulating and executing policies and programs.
They also need help in developing a manpower and institutional base. If
such assistance were offered, these countries would be expected to respond
favorably, as they are in the early stage of building their capability.
It is particu.Larly inportant that investment and demonstration projects in
these countries be planned and implemented in such a way as to ma.mize the
buildi.ng of local capacity. Close Linkages between research, development and
demonstration programs and the productive sector shouLd also be encouraged.
2.20 awareness of the potential importance of renewable energy technology
is 'ery low in the third group of countries. Research, development and
demonstration activities are cou.fined to Laboratories, frequently in univer-
sities, which are isolated from potential users. In such countries, officiai.
interest and support eight best be attracted by a dual approach. This would
combine, on the one hand, policy studies projecting energy needs and the
available resources and tachnoloes, and, on the other, a program aimed at
selecting, adapting, and diffusing a particular renewable energy technology to
meet some major national need. Such programs can be effective only i.f they
carry through afl. stages of the innovative process. The sequence includes the
identification of a need, the selection and adaptation of a technology, and
coerciai 4zation and diffusion, at least on a pilot or, preferably, on a
seeicorcial scale. If this process were successful, it would be followed
by international support for broader technological infrastructure programs in
renewable energy, including appropriate diffusion hamisas.
2.21 In most developing countries, whatever their level of involvement in.
renewable energy, there is a need for a substantial training effort. This
should cover broad multidisciplinary training of energy planners, training in
specific technolo.es, and training of professionals for whom energy is not a
primary concern, such as irrigation or transportation specialists. There is a
particular need for short courses to inform energy planners who were trained
only in conventional technology, of develcoments in, and potentialitas for,
the use of renewable energy.
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2.22 There should also be an effort at the national level to collect
the technical and socioeconomic data needed, to formulate national policies
on renewable energy. A helpful tool is to establish the pattern of energy
demand and supply. Simple models can then be applied to provide different
scenarios for judging the overall impact of renewable energy technologies.
Patterns of village energy use should also be studied.
2.23 Assistance in the building of broad local capabilities should be
an important objective for both the bilateral and multilateraJ. development
assistance agencies. Such efforts should encourage cooperation among develop-
ing country scientists and organizations in the frequent cases when this is
appropriate to the task at hand. Indeed, renewable energy provides a parti-
cularly fertile ground for technical cooperation among developing countries.
This is because much of the information that is of the most interest to
one such country is derived from the experience of others.
2.24 Development assistance agencies should also ensure that their
projects give due emphasis to the development of local capacity: Ci) to assess
needs; (ii) to evaluate the appropriateness of technologies to address those
needs; and (iii) to choose, adapt, create and diffuse suitable technology.
2.25 Investment projects for the largescale application of proven
renewable energy technology should be undertaken in such a way as to promote
the building of local technological capacity and the linking of that capacity
to the social and economic needs of the country. This development of local
capability is a normal aspect of the operational work of the Bank and many
other development assistance agencies, but it deserves special emphasis in the
case of renewable energy technologies. In some cases adaptation of policies
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and procedures within the aid agencies nay be required. Th.ta would accoodata
the ueed to plan and to nonitor closely the spending of relatively wa.0 suns
of nancy for critical capecity-build.ing undertakings.
2.26 Tadhical assistance for the development of capacity to utilize
technology for the use of renewable energy resources scans particularly suited
to grant financing, there is a critical, need to naxinize the availability of
grant financing for this purpose. 3owever, it is unrealistic to eect that
sufficient international grant financing will, be available to neat all such
needs and developing countries should not be reluctant to use loans for this
purpose if necessary, and if their creditworthiness pernits, in view of the
potentially hih returns to iavesents in the strengthening of their scien-
tific and technological capabilities.
2.27 Eziicing bilateral and iltilatera.l aid donors can provide financial
and technical assistance to aid local, research, devei.opeent, demonstration
and di.fusion capabilities. 3owever, to set the.stage for such assistance,
special efforts are required to diagnose needs country by country, and to
assist in the elaboration of national plans of action for developing techno-
logical capability for utilizing renewable energy resources. Practical
constraints, such as emphasis on promoting the eort of hardware developed in
the donor countries and, in some cases, the lack of experienced staff, nake it
difficult for bilateral agencies to undertake a comprehensive review of the
needs of a country and to prepare an action plan. Multilateral agenci.es like
the Jorid Bank and the regional development banks have also found it difficult
in practice to allocate staff and other resources to deal adequately with the
diagnosis of the needs of a country to develop local capabil±tas.
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2.28 There is, therefore, a need for an international program to assist
in the diagüosis of thq priority needs of particular countries for assistance.
Such a program would help in the preparation of a plan of action for the
development of loca.1. capabilities, including proposals for technical assis-
tance. But it would not normally extend to the actual implementation of that
plan. This would be the task of existing bilateral or multilateral develop-
mental assistance efforts. The scope of this international program of diag-
nostic assistance would be thus analogous to the assistance to the development
of national capabilities in agricultural research to be rendered by the newly
established International Service to Mational Agricultural Research (ISNAR.)
of the Consultative Group of International Agricultural Research (CGIAR). 1/
Such diagnostic assistance should be available for a wide range of techno-
logies. It will frequently require close cooperation with existing agencies,
such as FAD and UNIDO.
2.29 The program, in producing its diagnoses, will thus serve an inta-
grative function that can help donors orient themselves to building capacity
in developing nations. It may be useful to convene meetings to use the results
of the diagnoses to facilitate the coordination of the efforts of bilateral
and multilateral donors.
1/ ISNAR was established to fill the gap between the work of the interna-
tional programs funded by the CGIAR and that of national programs of
agricultural research. ISNAR will maintain an international staff that
will provide technical assistance in the diagnosis of national needs
for agricultural research and in the preparation of plans of action and
proposals for technical assistance. The implementation of the plans
would be funded by bilateral or multilateral sources. The German tech-
nical assistance organization (GTZ) has been designated by the CGIAR as
executing agency with the task of launching ISNAR, and staff is now being
recruited.
III. RSEA&CE AND ASSZSSMNT OP RZIIEWA3LZ ENERGY TECOLOGIZS
ORIENTED TO TRE NEEDS OF DEVELOPING COUNTRIES
3.0]. The major applications of renewable energy tachnoi.ogy in developing
countries involve cooking, transport, water pumping, lighting, crop and
aw(J. production, food processing and preservation, industrial process heat,
health, and communications. They all require usable energy in one or more of
the following forms: thezl energy, mechanical shaft power, and electricity.
Figure I surizes the pathways for conversion of renewable energy resouras
(biomass, solar, wind, and hydro) into each of these forms of energy. Mobile
mechanical power, for example, may be provided by engines powered by biomass
based fuel, by draft animals fed by biomasa, or by human pedal power.
Renewable energy technologies may be used individually or in combination
with each ocher or with fossil fuel technology. For example, wind electric
conversion systems can be used individually or in combination with solar or
d.tase1. powered generators.
3.02 Of the energy resources snarized in Figure I, biomass merits
special consideration because of its versatility. Biomass is storable and
transportable. At least in principle, it can be converte4 into any usable
form of energy and into a substitute for any petroleum or coal product.
Mobile mechanical shaft power, for example, may be provided from four sources:
by vehicle fuel derived from fermentation .f biomass sugars to produce ethanol
be used straight or mixed with gasoline), from destructive distillation of
wood or agricultural residues to produce methanol, from gasification of wood
or agricultural residues to form producer gas, or (in the future) from con-
version of cellulose ftom wood or agricultural residues to ethanol. The
































Examoles of End Uses
1) Briquetting, digestion, fermentacion, destructive distillation, pyrolysis.
(See Table 2.)



















or large scale Indeed, the burning of wood and animal and agricultural
residues is the major source of energy for poor people in many developing
countries today.
3.03 The technologies which carry out the transformation of renewable
energy resources into usable forms of energy, except for the production of
biomass, take the form of industrial processes and equipment. Equipment for
some of the more sophisticated of these technologies - phocovol.taics, Large
scale wind electric conversion systems, destructive distillation of wood -
can only be developed and manufactured in the industrialized countries, or in
some of the more advanced developing countries. Most of these technologies,
however, are relatively well-known. In most developing countries they can
be adapted to Local conditions and manufacturedby the industrial sector, or,
in the case of simple, village-level technologies, by private organizations
wo*.ing closely with artisans and small worsbop8.
A. Review of Technologies and Applications
3.04 We have briefly but systematically reviewed the agricultural and
indu.stria.l technologies for the use of renewable energy resources 'ive
factors were taken into account. These were: their present and attainable
economics and performance; the benefits to be expected from innovation or
diffusion of the technology in question; the Likelihood of these benefits
being obtained in practice; the prospects of investment of resources from
private interests or bilateral aid agencies in their improvement and diffusion;
and the ability of individual developing countrtes to carry out the necessary
research, development, demonstration, and diffusion without external assis-
tance. prom this review, there emerges a tentative List of requirements
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for national and international action in research, development, assessment,
and evaluation of technologies as they apply to the conditions and needs in
developing countries. Prospects for agricultural technology and biomass
production are assessed first, followed by technology for the production of
heat, mechanical and electrical energy. Specific recoendations are then
presented, including those relating to new international programs and to
institutional arrangements.
1. Agricultural Technology: Biomass Production
3.05 Many developing countries are well endowed with biomass but its
production for energy purposes can conflict with agricultural requirements.
This puts a premium on the development of biomass production technologies
suited to lands that are unattractive to food or cash crops, such as arid
or saline soils, swamps and steep slopes. Such technologies should also,
preferably, be labor-intensive and adaptable to small farms.
3.06 Bi.oinass energy sources may take the form of wood, straw, oil,
sugar, or cellulose. They may be derived from trees, shrubs, oilseeda,
grasses, roots or field crops. Of the technologies for producing biomass,
the only ones tachnoeconomica.Uy ready for immediate implementation are the
growing of trees for wood fuel, and the growing of sugarcane (and, to a lesser
extent, cassava and sweet sorghum) for fermentation into ethanol. Technology
for producing vegetable oil from oil palm and sunflower is also in hand. The
technology for using such oil routinely as diesel fuel, however, is still to
be mastered. Finally, large quantities of straw and other agricultural residues
are currently wasted or used inefficiently as fuel. With improvements in
harvesting and densi.fication technology (e.g., briquetting, peli.eeizing) more
of these materials could be used more efficiently for energy purposes.
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3.07 The report "Biomasa Production Technology: Current Status and
Research Ieeis," by R.A. Yates reviews the present status of, and main trends
in, research in technology for biomass production, apart from the growing of
trees for wood. Yates recosmends both research on those biomass crops already
in widespread use and efforts to identify crops that could be more attractive
in the longer tàrm.
3.08 According to the Yates report, sugarcane research goes back more
than a century, and its agroucmy is well known. Additiana.l effort is required
to coli.ect genetic material. A new breeding program should be started with
a view to maximizing the total bionmsa. The tecbnoecanomic potential for
harvesting the total biomass of sugarcane should be evaluated. Research
on cassava, by contrast, is recent, although the agronomy for this crop is
well-known. It stems largely from the interest of CGI.2 in its role as a
subsistence crop, especially in drought-prone areas. Existing research on
cassava, although aimed mostly at subsistence agriculture and the production
of starch for industtial purposes, is equally relevant to biomass production.
Eowever, additional effort iã needed to collect cassava germ plasm, particular-
ly in Mexico. Cassava culture frequently depletes the marginal soils on which
it is found, and guilying can be particularly severe on marginal slopes. I.E
intensive large-scale plantings are to be considered, then special attention
shou.].4 be paid to research on soil conservation systems. Sweet sor2h is a
th.ir crop suited to production of sugar for fermentation into fuel ethanol.
'It is now grown coercially on a limited scale in a few southern sra.tes of
the United States. espita its promise, there has been Little ;esearch on
sweet sor;h in the United States. Research on the crop in 3razil began only
in the last few years. Genetic material should be collected. Field trials
should also be carried out in areas where a short growing season gives thIs
crop an advantage over sugarcane.
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3.09 Yates recommends that research be begun on a number of promising
a.lternative raw materials for ethanol production, including buffalo gourd,
carob and taäarind. These crops have received relatively little research
attention. They need to be planted for comparative yield evaluation via-a-via
possible alternatives, including oilcrops and forest crops. They may have
advantages over sugarcane or cassava for special ecological, conditions. In
particular, the potential of the sagopaim for saline swamps is probably
sufficiently great to warrant the installation of a pilot plant; a feasibility
study is required.
3.10 The situation with hydrocarbon-producing crops is similar. The
agronomy of some crops (notably oilpalm and sunflower) is well advanced;
other crops have only been identified. Assuming that tests prove that these
oils can be used as a diesel replacement, then pilot processing units can
be installed for the better known plants. For the lesser known plants (and
especially for those suited to arid environments), comparative yield trials
are required. Unfortunately, the literature is severely lacking in information
about the water consumption of the arid-land plants. LU work on these plants
must include an evaluation of this factor.
3.11 The exploitation of straw and dry, wild grass requires the testing
and selection of suitable harvesting and briquetting equipment rather than
research. Censuses of the quantities of materials available are also required.
They would be used, first, as combustible fuels; at some later stage, when the
technology is developed, these materials may be converted to other forms of
fuel. Research is also required to determine whether other plants are suitable
for use in the same way as straw and wild grasses. Examples include cultivated
grasses (including sugarcane) and saitbushes; in aLl cases, extraction of the
protein-rich sap should be a feature of this work.
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3.12 Very preliminary rese..arch is required to determine whether field
trials would be justified on other plants. Namely, a survey of the major
herbaria is required to identify novel, plants; some plants which have been
identified (uch as 3abacu, Caryocar, Copaiba, and Jessenia) should be
checked to determine whether their yield potential. justifies field triaLs.
3.13 The moat promising species identified in the 'rates report are
described briefl.y in Table I. 1/
3.14 Research in treegrowing in tropical areas has traditionaUy been
directed toward selection of provenances 2/ suited to pu.Lp and paper produc-
tion, and to a lesser extent to erosion control and other aspects of soil.
and watershed management. In the past few years, researchers have shifted
their attention. They now focus on the need for fast-growing trees for
.fuei.wood (biomass) production, either for forests for village fualvood lots,
or as part of farming systems for smal.lholders. A number of nseful new
species have been identified and tested on a large scale, notably Leucanae
(giant ipil-ipil). Such tests should be continued, expanded, and integrated
with other branches of research on the production of biomass energy. The
forestry profession is strongly convinced that research on growing trees is
best suited to national institutions which are closely familiar with local.
soils and euviroental and social conditions. The Coouweal.th ?orastry
Council is coordinating tests of promising species and provenances. As a
1/ See also a. Ravelle, 'Flying beans, botanical. whales, JacCs'beansrali,
and other oarveLs,' in The National Research Counci. in 1.978 (National
Academy of Sciences, Washington, D.C., 1.978).
21 A provenance is a source of planting material, a.., a particular
eographica.1. area.
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first step in identifying needs and priorities for interaationai. action, F
is surveying the present activities of national. forestry laboratories and
their view of research priorities.
3.1.5 ev approaches to the growing of trees - such as short harvest
times and close spacing - are blurring the lines between the discipline of
forestry and the study of other forms of biomass, such as shrubs and grasses.
An important objective of bioivass research is to evaluate all. forms of biomass
suited to a particular ecological condition according to coon criteria.
This is to enable farmers and competent local authorities to select the system
best suited to their needs.
3.16 Another promising Line of research is into the use of the leaves
of leguminous 1/ trees, of which Leucanae is an example, as a source of
fertilizer in small farm systems. Such research would seem to be a high
priority for national agricultural research laboratories and for the inter-
national agricultural research centers funded by CGIA3. We have not in this
report considered the needs and opportunities for basic research on the
mechanisms and the ecology of biological nitrogen fixation. Such research
is relatively inexpensive and is well suited to universities and research
institutes in developing countries.
3.17 These lines of research all. present to the scientific conity the
chaLlenge of stimulating conination, collaboration, and crssnomparison
among all. workers concerned with biomass production, whatever their discip-
linary origins or institutional, affiliations, and between them and the
general agricultural research co3nity.
Il tegumincus trees, like other legumes, have tiodules on their oocs which
harbor symbiotic bacteria that fix nitrogen from the air. They are
therefore net contributors of nitrogen to the soil.
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2. Technology for Production of Thermal, Mechanical. and Electrical. Energy
3.18 Apart from those involving biomass production, technologies for the
conversion of renewable energy resources can be divided into those for the
processing of biomass into usable fuels, on the one hand, and those for
the production of thermal., mechanical and electrical energy, on the ocher.
Many of these technologies will, be developed aad supplied by the modern sector
:of industrialized and developing countries. Other simpler and smaiJ.er-scale
tcbnalogies are suited to manufacture and maintenance by sma.0 workshops- and
artisans in villages and small towns in developing countries after suitable
local adaptation.
3.19 Research into, and the development and commercialization of, modern
industrial sector processes and equipment is advancing rapidly in industrial
companies in developed countries. It is also taking place in a few relatively
advanced developing countries. In both instances, government participation
in, and support to, such research is a major element in national programs.
3.20 A major problem facing planners and prospective users of these
renewable energy technologies in developing countries is that of making
informed choices among competing processes and equipment. This task is made
more difficult by the absence of agreed standards, quality criteria, and
evaluation methodologies. In many cases, it is compounded by the absence of
reliable performance data under conditions typical of developing countries.
' 3.21 This lack of reliable performance data and evaluated experience is
particularly acute in the case of simple, village level technologies, such
as cooking stoves and sail windmills. Some less sophisticated technologies,
such as windpumpers, can be manufactured in the productive sector in moat
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developing countries, sometimes with external teckinic.al assistance. On the
other band, the coerc.taLtzaUon of such technology' frequently does not
offer sufficient incentives to private industry.
3.22 The research into, and the engineering and diffusion of, these
technologies h3.s mostly taken place in small, private organizations in
developed and developing countries. These organizations are often closely in
touch with the needs of the poor in the particular place where they work. 3ut
they are underfunded. They are also relatively isolated from each ocher, from
the local scientific and technological coimii,{ ties, from the government, and
from the sainstreem of the economy. Such appropriate technology organiza-
tions can and should continue to play an important role, consistent with their
capabilities. They are in need of relatively small sums to facilitate research,
collaboration, ccunicatiou, and devei.opmant of agreed evaluation methodo-
logies. With some exceptions they are, however, incapable of managing the
problems of Large-scale diffusion of these technologies.
3.23 The technologies for processing biomass. into convenient fuels are
classified in Table 2. ALmost a.ti. of these transformations may be carried out
in large, modern installations or with simple, small-scale equipment suited to
use at the village level.
3.24 Other nonagricultural technologies for the use of renewable energy
resources are surized in Table 3, which classifies technologies for pro-
ducing low, mediun, and high temperature heat; for stationary and mobile
mechanical shaft power, and for generating electricity. La the case of Low
temperature heat, the technology for solar water heating is well known, widely
diffused, and amenable to Local manufacture in many developing couctras.
The demand for large quantities of hot water is, however, relattvely limited
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in most developing countries. It primarily originates in hospitals, res-
taurants, and hotels; in the homes of the relatively weLl-to-do; and in
industrial processes, such as food processing. Low temperature heat is
also needed for crop drying, an application for which solar technology is
already available.
3.25 The solar pond is a promising technology for the production of low
temperature heat. This is a large, shallow pond sealed with a black, imper-
meable substance and filled with brines of increasing concentration, with the
densest at the bottom. The black layer absorbs the suns energy and transfers
it to the bottom layer of brine, which may reach 100°C without mixing by
convection because it is still heavier than the layer above it. Tirst
developed in Israel (with partial funding from the World Bank), solar pond
shows considerable promise.
3.26 The technologies for production of medium and high temperature heat
involve those for cooking, on the one hand, and those for industrial process
heat and electricity, on the other. Ttaditiona.1. technology for cooking with
bioinass fuel - a pot supported over a wood, charcoal, or cowdung f lane by
three stones - makes inefficient use of increasingly scarce and expensive
fuel. Experience in parts of the developing world demonstrate that groups
closely in touch with local people (particularly women) and their cooking
needis can design more efficient cooking stoves that are socially acceptable,
at least in pilot trials. Such stoves can be produced from relatively low-
cost materials and hold great promise of reducing wood consumption. This is
especiaLly so in areas where wood is scarce and its cost is high in proportion
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to the thcome of the poor. The methods for diffusing these improved stoves
are, however, still. untested on a large scale, and the social., cui.turai., and
institutional. -obstacles to such diffusion remain to be understood and overcome..
3.27 There is a.lso a good possibility that other cooking fuels derived
from biomass may be techxzoeconomic.a.Uy viable. Such fueLs include biogas,
straw briuettes, and vegetable oil from oilseed crops. Improved technologies
can also greatly increase the ci ficiency of charcoal manu.facture. The com-
parative promise of such fuels, taking into account both economic and social
factors, has not been adequately assessed.
3.28 Solar cookers have hitherto been notorious failures innumerous
trials, largely because of the natural refuaal of people to cook in the
open in the heat of the day, but also for various other social and technical
reasons. The need for a technological, fix to the problem of the increas-
ing cost of cocking fuel is so pressing that there is little a.ttermative but
to continue efforts' to design a low-cost system, and to better understand the
obstacles to its diffusion. To be successful, this st be compatible with
the comfort of the cook, as compatible as possible with social and cultural
norms, and possibly liok.ed to a back-up wood stove. The assumption is that
economic pressure will, force the cook to consider an alternative technology'
with lower recurrent costs, however exotic it may be.
3.29 Biomass-based technologies for the production of heat for indus-
trial processes and for generation of electricity are based on the direct
combustion of one or another form of biomass in a boiler of compatible design.
Such boilers are available, but there are no agreed performance standards to
enable manufacturers to report the performance of their equipment according
to an agreed format and test methodology. Solar collectors designed to
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3.30 Of the technologies for the production of stationary mechan.icaJ. shaft
power from renewable energy resources, that for commercial windmills mecha-
a.tcaily linked to a water pump (wind puapers), is well. Icuowu and proven. It
requires only application in sites where it is technoeconomically feasible.
Again, there is no standardized format for testing and reporting performance
data.
3.3]. A promising non-commercial technology for pumping of water by wind
energy is that based on the traditional. small-scale sail windmill. This has
been used for centuries in regions of Crete, Thailand and the Yucatan (Mexico)
with reliable, steady, and low-speed winds. Such windmills have been success-
fully installed by private voluntary organizations in Tanzania. They are
technically inefficient but are very cheap to construct, and can be fabricated
and repaired in traditional local workshops. On the other hand, there is an
almost complete absence of reliable cost and performance data.
3.32 Many systems are actually or potentially available for the provision
of stationary mechanical shaft power from fuels derived from biomass through
either exteraai. or internal combustion engines. External combustion engines,
operating by the Stirling or 1ankine cycles, may be powered by high or medium
temperature heat from any fuel, and are respectively suited to small, and
large-scale applications. Stirling engines are claimed to have the parti-
cular promise of cheap local, production in developing countries for water
pumping applications. Eowever, their performance in developing countries
has not been tested.
3.33 Internal combustion engines, which are usable for stationary or
mobile mechanical shaft power, produce the form of energy where fuels derived
from biomass can be most directly and conveniently substituted for fossil
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fuels. Diesel engines can be fuelled by gas derived from biosass; by vege-
table oils; or by other exotic vegetable products, such as the sap of the
copaiba tree or the refined latex of certain species of Zuohorbia (milk-
weed). Siailaly, gasoline engines can be powered by liquid or gaseous fuels
derived from biomass. In this reLativei.y uew application of renewable energy
technology, there again do üot emist agreed standards, i.e., test methodologies
by which manufacturers of engines adapted to running on ethanol and other
biomass-darived fuels can report performance data.
3.34 The draft animal is a major source of stationary or mobile mechanical
shaft power from renewable sources of energy in many developing countries.
Despite its dominance in the agricultural economies of many developing
countries, the role of the draft is for the most part unstudied.
Uo country has an integrated policy program or institutional framework for
deaLing with the technology of draft power, including genetics, feed,
veterinary medicine, harnesses, tools, and vehicles.
3.35 'umen pedal. power is the most elementary technology for the
production of mobile or stationary mechanical shaft power energy. The humble
bicycle pedal and sprocket is an extremely efficient device for the exploita-
tion of hun musolepower, as is shown by the recent successful flight of a
pedal-powered airplane over the English Channel. bicycles are used all over
the world, but especially in Isia, for the transport of peoples and goods.
Low-cost, ergonomically sound designs emist for low-lift pumping, threshing,
and grinding by pedal power. Pedalling is drudgery. Still, the widespread
use of equally exhausting, yet lass efficient technologies, such as the use
of handpumps for i:rgarion in South A.sia, shows that a low-cost pedal power
technology would find a market and could contribute to productivity. s
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things now stand, a design available in one part of the world may be completely
unknown in another, and reliable performance data are virtually nonexistent.
3.36 Electricity may be generated from large- and small-scale hydro
installations, from the combustion of biomass in a boiler, from internal or
external combustion engines fed by biomass, or from a system combining thermal
energy from a solar pond or a solar thermal power plant (using focussing
collectors) with a prime mover. Electricity may also be generated by photo-
volea.ic cells and by small- and large-scale wind electric conversion systems
(wind generators). These installations may stand alone, may be intercon-
nected with a grid, or may be combined as a hybrid system in which one source
of energy complements or backstops another.
3.37 Small-scale wind electric conversion systems are already coat-
effective for remote windy areas. Similarly, small-scale hydra power involves
ueU-own and proven technology. flowevar, widespread application in develop-
ing countries will require the development of cost-effective approaches to
site identification and evaluation, and the design of equipment adopted to
local conditions and to low cost manufacture by local industries. Agreed
standards for testing and reporting performance data would greatly facilitate
the application of both technologies. A possible application of small-scale
generation of electricity by wind or hydropower of wide potential interest is
the small-scale manufacture of fertilizer in remote areas by the electric arc
process. This has been demonstrated recently at the laboratory scale.
3.38 Large-scale (more than 200 lcw) wind electric conversion systems
based on modern materials and aerodynamic principles are undergoing rapid
research and development in technologically advanced countries. Partisans
of this technology predict that within about five years it will be competitive.
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with other technologies for generating power for electric grids, under
favorable wind cond,it.ions in developed countries, depending on the rate
of increase in fossil. fuel. prices. The technology vcu.Ld be available to
developing countries through cosrcia.l. channeLs.
3.39 Photovoltaic cells, which convert sunlight directly into electricity,
provide the outstanding example of an advanced renewable energy technology
that is likely to be cransferrable to developing country conditions without
significant adaptation. These cells are competitive today only for applica-
tions requiring a small quantity of electricity remote from a grid. Manu-
facturers in teclrnologica.Uy advanced countries - and the governments who
support them - predict a rapid decrease in the cost of the cells. There
still remains, however, the cost of the "balance of the system." This
includes the aechaaica.1. supports to the cells, electronic equipment to
condition" the power and make it compatible with the proposed application
and, in many instances, for energy storage capacity. The last named is a high
priority subject for privately financed research in technologically advanced
countries. The application of photovei.tai.c technology is being promoted by
manufacturers based in developed countries. hunerous tests and demonstrations
are caking place in developing countries, 1/ although often without adequate
provision for the collection of performance data for comparative purpbses, or
for general evaluation or
1.1 The TflIDP has financed and the World Eank is executing a comparative
evaluation in three countries of photovoltaic irrigation pumps suitable
for small farmers, along with li.ted tests of a solar thermal pump, and




3.40 The following specific recommendations for international support for
the development of renabla energy technologies fafl. into two clearly defined
categories: one for agriltural technologies and one for technologies for
the production of heat, mechanical and electrical energy.
3.4]. Biomass production technology off era clear opportunities for a major
advance in the state of the art through research. It is reasonable to expect
a veildesigned and executed research program to improve the productivity of
veil known species, such as sugarcane, cassava, sweet sorghum, and various
fuelwood and leguminous trees, and to identify species that are potentially
even more productive. This would benefit virtually eli developing countries.
Only one or two of these countries, however, could organize such an effort on
their own. An international effort would make pnasible an efficient program
which would benefit au. developing countries. This program must first inves-
tigate improvements in technology for the production of biomass from veil
researched species, such as sugarcane, cassava, and many species of trees.
3.42 In sugarcane production, there is a threefold need: to breed
varieties specifically for their potential as biomass producers; to collect
germplasa from border areas of China, India and Burma, the last area in the
world with major resources of uncollected germplasm and an area from which
wild varieties are in danger of disappearing; and to study regimes to ii1m1ze
biomass yield through proliferation of woody material 'energy cane). In
the case of cassava, genetic materials need to be collected and soil conser-
vation systems investigated to minimize soil depletion. Comparative yield
evaluations need to be made for sweet sorghum, a crop little known outside
the United States, to investigate its potential advantages over sugarcane,
cassava or other fermentable crops under special ecological conditions.
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3.43 aesearth on the growing of trees should be substantiaLly expanded to
include tests of promising provenances and of species not now grown artifi-
ciafl.y on a large scale, and of non-conventiouaJ. planting and harvest regimes.
A program should be established to test promising new species of trees, shrubs,
rootcrops and grasses in a variety of sites, and to compare their potential
as biomass producers with each other and with traditional producers such as
oilaeeds and sugarcane. 1-
3.44 It is also reconded that national programs of agricultural
research dealing with small farmer agriculture, the multilateral and bilateral
agencies that assiac them, and the international agricultural research centers
funded by CGI., devote increased attention to the role of trees in small
farmer agriculture, both as sources of fue.lwood and in the important case of
leguminous trees, of fertilizer. Further staff work and consultations with
the research community, as well as with such organizations as FAO and the
International Center for R.esearch in Agro-Forestry, are needed before detailed
proposals in this area can be elaborated.
3.43 The bulk of the technologies for the use of renewable energy in
developing countries, to produce heat, mechanical and electrical energy,
are embodied in processes and equipment based on weLl-known principles that
need only be adapted to specific circumstances in developing countries.
aovever, the application of some technologies depends on scientific progress
that is most likely to be achieved by research programs in the industrialized
countries.
1/ Yates has recommended the following species for comparative tests:
(rainfa.U. more than 1,000 om, or with irrigation), buffalo gourd,
euphoria, castor, safflower, sesame, sunflower, saItbush, sparrina (the
last two especially when saline irrigacon is possible); neem, jojoba,
carob (Mediterranean style climates), and tamarind (dry tropical climates).
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3.46 In the case of those technologies which require only adaptation to
the circumstances of developing countries, the major task facing the inter-
national community is to support national capabilities and programs of
research, development, commercialization and diffusion. This support would
include efforts to adapt smaller-scale technologies to local needs by private
organizations devoted to community development or to appropriate tethnology.
3.47 In the case of technologies that depend on research and development
in developed countries, there is a critical need for an international, effort
to assess the usefulness, impact, and future development prospects of techno-
logical advances being made around the world. The primary objective would
be to make developing countries better equipped to choose, adapt and create
technology to meet their own needs. There is also .a need to promote in
industrialized and more advanced developing countries the development and
commercialization of new or improved technologies for use in developing
countries, and to encourage commercial arrangements to facilitate production
of the relevant equipment in developing countries. Such arrangements will
frequently involve relatively small firms which would not ordinarily seek
foreign partners.
3.48 On the other hand, considerable practical difficulties can be
foreseen in the direct funding or execution of international industrial
research and development that is independent of national programs in these
areas. To be effective such international research would have to include not
only the design of systems and the design and testing of conceptual prototypes,
but also close collaboration with potential manufacturers in developing
manufacturing prototypes and involvement in the commercialization of the
product. These programs require close working relations with the productive
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sector, and this is difficult even for a publicly owned institute at the
national, let alone the international, level.
3.49 In general, the critical need of deciaionma1ars in the developing
canneries is to be able to assess the teobm.ica.1. and economic aspects of
processes and esuipment. They can do so through information on the present
state of, and likely future developments in, technology that is su,fficient.Ly
evaluated to form the basis for strategy' and decisionmaking. For exapla,
planners need to know the best present assessment of whether diesel fuel could
in the future be moat economically derived from wood, from ailseeds, or from
animal and agricultural residues. They also need to know how fuel from such
sources is likely to compare in price and quality to that derived from con-
ventiona.1. or novel fossil fuels. In addition, officials and entrepreneurs in
deva.Loping countries need reliable performance data on alternative pieces of
equipne; evaluated experience with the technological, institutional, and
social aspects of different applications of renewable energy technology; and
disinterested assessment of alternative applications of renewable energy
technology to high priority needs of the developing world, preferably in
comparison with traditional technology or modern technology using fossil
fuels.
3.50 Criteria by which to judge the suitability of alternative tech-
nologies for various applications and conditions have not, however, been
developed. Moreover, in many cases, the data required do not e,st. There
have rarely been disinterested comparisons of alternative systems for the many
applicat±ons typical of the developing world. ven the methodologies for such
comparati.ve evaluations are still tinder development. The present sources of
data and evaluations for many technologies are the manufacturers of equipment,
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who are mostly found in developed countries, who genera.Uy have no agreed
standards for reporting performance data, who naturally convey an optimistic
view, and who do not adequately consider social and institutional problems.
Tables 2 and 3 surize briefly the work of a proposed new international
program to meet this need for technological assessment.
3.51 For many technologies, such as large-scale pyrolysis and briquetting,
'which are likely to be embodied in equipment manufactured in the developed
countries and in the modern sector of more industrially advanced developing
'countries, the most economical approach is to develop and promulgate, in
cooperation with manuLacturers, users, and (as appropriate) private conity
development organizations, internationally agreed standards by which manu-
facturers would report performance data. (Such technologies are designated
A in the "task for international program" comma of Tables 2 and 3.)
3.5.2 For technologies that are likely to be embodied in equipment suited
to smell-scale manufacture in developing countries, or to artisanal or self-help
conatrnction at the village or com1It1n(ty level, the major need is for agreed
methodologies by which the user can evaluate the performance of the equipment
and the broader aspects of his experience with the technology. Such metho-
dologies can be used as a framework within which to facilitate the exchange of
designs and performance data and the issuance of periodic reviews of the state.
of the art. (Such technologies are designated 3 in Tables 2 and 3.)
' 3,53 For certain technologies (designated C and applied to technologies
in Table 3 only), there exist neither reliable performance data nor realistic
'prospects for obtaining any from existing or prospective national or interna-
tional programs. Such technologies include solar ponds, sail windmills, and
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biogas. These technologies are nevertheless promising. The promise is su.ffic-
ian: to waran: funding and management of international comparatire demonstrations
in several developing countries for the purpose of generating performance data.
We have not recoended such programs for biomase conversion technologies on
the grounds that such technologies are better suited to exchange of information
among national programs in accordance with agreed methodologies and reporting
format.
3.54 tn the case of a fi technologies (designated and applied to
technologies in Table 3 on.ly), world interest has lagged to such a degree that
there is a need for an internacionai. effort simpi.y to revive professional
interest. This can be done through seminars, publications, travel, demon-
strations, and small research grants. Such technologies include dratt animal
power and peaL power. Solar cooker technology is also in. need of revival
because well-publicized failures have discouraged inventors from attempting to
solve this critical problem in a manner satisfying both technical and social
constraints.
3.53 fn11y, there is a need for a limited amount of genuinely intarna-
tiona]. research on a number of special topics, for example the optimization of
solar crop dryers; the development of a continuous biogas digestor suited to
dry, straw-rich fermentation mixtures; and the development of simple, practical
microcomputer programs to estimate the incoming solar radiatIon in the field.
3.56 This tentative worst program is based, not only on the relative
priority assigned to each technology, but also on the degree of interest now
being shown by the international research conity and the type of intarna-
tionai. assessment needed by decision makers and researchers in developing
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countries. It should be checked against expert opinion in different parts
of the world. More detailed as8essments should also be made of the potential
contribution of the various technologies, taking into account likely future
developments and the Likely cost of the work proposed.
IV. CONCLUSIONS
A. Summary of Recoamendations
4.01 The recoendations in this report reflect its objectives: to
,Ti{ne the needs not only for research on renewable energy suited to the
conditions of developing countries, but also for building technological
capacity in these countries for the use of renewable energy. It concludes
that the countries involved would derive major benefits from increased invest-
ment in both these areas. A major impact on energy use in developing countries
could result from a broad range of renewable energy technologies and applica-
tions - improved cooking stoves, biomass production for combustion or
fermentation, biogas, windxiuls, gasification of wood or agricultural wastes.
But major benefits can' only accrue if the countries develop the capacity to
mobilize these technologies to meet their own needs.
4.02 The report accordingly proposes a global strategy for research and
assessment of renewable energy technology, and for the development of capacity
within developing countries to mobilize that technology. It recoends that
existing bilateral and inu.ttilaterai. assistance to national programs for the
application of renewable energy technology be expanded and reoriented towards
increased emphasis on the strengthening of local technological capacity.
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4.03 The report concludes that a aor internationa.l in.itiative is
urgently required to assist the developing countries to develop their own
capacity to eobii.ize renewable energy technology, to speed the development
of improved technologies suited to their needs, and to facilitate the transfer
of technoi.ogy. kiev international programs are needed to:
(a) assist developing countries to diagnose needs for building
local scientific and technical capacity for renewable energy
developments;
(h) improve technologies for producing bioeass from familiar
crops (sugarcane, cassava, sweet sorghum) and investigate
the potential of familiar and novel species, including trees,
shrubs, grasses, and oilseeds, for biomass production on
nonagricultirai. land under different ecological, conditions; and
(c) develop reliable data on the performance of renewable energy
technologies for the production of heat and mechanical, and
electrical power, evaluate ezperience in different countries
with such technology, and make global assessments of future
technological developments and their implications for
renewable energy use in developing countries.
3. Institutional Arrangements
4.04 The proposed operating arrangements for each of the three intarna-
tiona.1. programs recoended in this report are suarized below. The bulk of
the programs and activities described above would be carried out by e.sting
institutions in the developing and industrialized countries. Central. adminis-
trative staffs would be relatively small, and further consideration would be
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needed to decide whether they should be combined or maintained as separate
-units. We have not in this paper considered arrangements for governance and
funding, except to note the need for adequate and secure finance, high pro-
fessionaL standards on the part of the staff, and freedom from excessive
political interference.
4.05 Diagnostic Assistance Regardin; Local Technological Capability.
There appear to be two promising institutional approaches to the provision of
diagnostic assistance. One is the establishment of an autonomous international
institution analogous to the International Service to National Agricultural
Research (ISNAB.: see footnote to para 2.26); the second, a project funded by
the UNDP or the UN Interim Fund for Science, Technology and Development, and
executed by the World Bank and perhaps the regional development banks. There
may be advantages to working within the framework of existing institutions in
order to avoid or minimize uncertainties, delays and costs due to start-up.
4.06 Biomass Production. Trials should take place in existing breeding
stations and agricultural laboratories, chiefly located in developing countries.
Auninber of laboratories now specializing in forestry and sugarcane, national
agricultural stations and the international agricultural institutes funded
by CGIAR would all be competent to undertake such work. The trials would be
funded and coordinated by a small central secretariat of about three profes-
sional plant scientists, backed by sufficient administrative capability to
manage 20-30 simultaneous research contracts in different parts of the world.
Nore details concerning the work program and organization of this research are
found in the !atas report. This secretariat would need to collaborate closely
with the FAO.
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4.07 Tchno1ogy Assessment. The organization of the raco=andad inter-
nationa.]. programs of testing, evai.tiatioa, assessment, and research would have
to be designed to a omplish three functions: Ci) general oversight of the
program, (ii) management of global. programs on specific technologies and
applications (e.g. solar pond field trials, coilact and review performance
data on wind generators), or trace-cutting subeets (e.g. evaluation method-
ology); (iii) execution of specific tasks (e.g.. tests of solar ponds or wind
generators at a particular location).
4.08 The general oversight would be carried out by a smaLl central
secretariat with responsibility for policy and program formulation for fund-
raising, and, for overall techn.icaJ. and adninistrative oversight. It would be
advised with respect to the development and updating of its polities and work
programs by a technical advisory coictee. This would be composed of inter-
aationa.Uy recognized eerts in research, development, and applic.atiou of
renewable energy technology and its integration into overail development.
4.09 International programs on specific technologies and anolications
would be managed either by the central secretariat itself, or on its behalf by
ad hoc lead institutions chosen to manage a particular program or work on a
particular technology. These would be selected from developed or developing
countries or international institutions which have been playing a leading role
in the development of the technology in question and which would for this
purpose set p distinct units for management of the international program.
4.10 The execution of specific research tasks would be carried out either
in the lead institution (where one has been designated) or preferably on
contract from it or from the central secretariat to existing institutions in
developing countries. The central secretariat would itself carry out only
those studies necessary for the development of overall policy and program.
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Special. provision in programs concerned with small-scale tachno-
Logies should be made for the participation and support of private 'appropriate
tachnology organizations. These organizations have made important contribu-
tions to renewable energy technology. They have been especiali.y effective in
addressing the needs of poor people, despite (or perhaps because of) their
small size and unorthodox approach. An effort should be made to develop
special fle.ble procedures consistent with the need of these groups for
re.lativeLy small, amounts of money for travel, newsletters, conferences,
publications, testing and research.
4 12 More generally, the small inventor or researcher is a major source
of innovation in many fields of renewable energy resource development. These
researchers may be found in a laboratory, in an enterprise or in a private
voluntary organization in a developed or a developing country. Even well-
established investigators frequently find it difficult to raise relatively
small sums of unrestricted money, which are critically important to their
capacity to respond fleb1y to new opportunities and to co,inicate and
collaborate effectively with their colleagues.. Such small grants require a
special. administrative style that is difficult to mesh With the requirements
of large programs; it is recommended that mechanisms for small grants be set
up to deal with such requests.
C. Next Steps
This paper has been proposed as a contribu.tion to the worldwide
discussion of renewable energy research in developing countries taking place
in preparation for the United Nations Conference on New and Renewable Sources
of Energy. In November 1980, the World Eank Will convene an Ad Eon Advisory
Committee of distinguished experts to consider the subject. A revised report
taking into account the Committees comments and recommendations will be
prepared thereafter.








Paper prepared for the joint CRSTE/RPI/SPRU Conference on
'Technological and Industrial Policy in China and Europe'
at the Research Policy Institute,Lund,Sweden,June 9-12th,
1981.
Abstract
This paper puts forward a number of speculative and less speculative
views in relation to what has been called the 'productivity paradox'.
i.e. the simultaneous existence of potentially 'revolutionary' new
technologies, such as microelectronics, and low and falling productivity,
growth.
Within such an economic climate, it is argued that the issue of
'technological unemployment' is relatively trivial, a more relevant
question focussing more on the reasons why technical progress has had
such a negligible effect on output and productivity growth in the more
recent years.
One of the reasons for the productivity slowdown in most
European countries and Japan, is Linked to the end or near-end of
catching up, following the large technological gap with the US after
the Second World War. It is argued that following this process of
'convergence', a divergence process might well be set in motion on the
basis of some sort of absolute technology advantage.
I
Technical Change and Employment in the 1970s: A productivity paradox?
Much of the 'popular' discussion around the employment dis-
placement effects of technical change, in particular the debate
around microelectronics1, seems increasingly to get trapped into
the paradox of low and falling productivity growth, which has been
one of the major and most striking features of the mid-seveities,
and early eigthies. If the technological change associated with
modern electronics is indeed of the radical and basic nature in-
dicated by most technologists, i.e. that it not only offers scope
for new and improved products and/or increases in efficiency and
cost reductions in the innovating industry, but throughout the
economy at large, then surely the clearest indication of its
overall impact, including its possible employment displacing
effect,should be found in rapid increasing productivity levels
throughout most of the sectors of the economy. Yet, as Table 1
suggests that has not been the case. Not only is the evidence
clearly against it , a number of recent 'growth accountings
exercises, particularly in relation to the US2, have indicated
that for the 70's, as opposed to the 50's and 60's, there is
actually no evidence of any effect of technical change on economic
growth, and productivity growth in particular (Griliches,1980).
On the contrary, in the case of Denison (1979b), the estimated
growth contribution of 'Advances in knowledge and misc, determi-
nants' (the residual) has even turned negative. For sure,this
evidence relAtes only to the US, and one cannot just extrapolate
these results to other European countries. Yet the fact that in
most other OECD-countries productivity growth has slowed down3
1.
l.see e.g. Jenkins and Sherman,1980.
2.for an overview,seeThomaS,l98O.
3.for an excellent analysis and overview see Boyer and Petit,1979,





























































































































































































































































































































































































































































































































































leading to a breakdown of most 'short-run' (and medium term1)
employment functions after 1973/74 (particularly in the case of
Sweden2 and the UK3),. seems to indicate that one is confronted
with a general decline in the underlying rate of productivity
growth.
There are obviously a whole range âf explanations for this slow
down in productivity growth, ranging from the negative effects of
anti-pollution measures and expenditures (Denison,1979a), the rise
in the- price of energy. ( stressed primarily in EEC,Maldague-Report,
1980, and OECD,1980c), to a slowdown in the formation of capita].
itself (see e.g. Haltmaier,1980). In relation to technology
however, the explanations generally advanced are not so numerous :
reduction in R&D effort (OECD,l980d), decline in the productivity
of the scientific and technological system and possible increases
in the lag in the application of knowledge because of the slow
down in investment. None of these fits however particularly well
with the 'stylised facts' about the: microelectronic revolution
and the predicted dramatic increase in productivity, product
innovation and profitable. investment opportunities. A recent,
and in my view rather plausible explanation has been advanced by
L.amberton,Macdonald and Mandeville (1980), in terms of an inherent
inefficient use of electronics technology, primarily information
technology. It is. actually best described by what they 'christened'
the 'xerox effect', and undoubtedly something academics will be
quite willing to believe.: the enormous capacity of new information.
technologies to generate information for internal use, which might.
lead to too much information with less time left for decision-making
as e.g. in the àase of Verdoorn-relationships, see e.g. Clark,l979
see e.g. OECD,1980b,pp42-51 and Appendix.1,and Carlsson,1980.
for an overview see Dean,1980.
4.
and an ensuing decline in efficiency. According to Lamberton and
his colleagues the main reason for this tendency towards inefficien-
cy is linked.with thefirm's ignorance of the cost of information :
"New information technology is adopted by the organisation
to perform specific tasks. The nature of electronics techno-
logy means that a machine can often do more than was origi-
na].ly anticipated. Used on a production line, the machine
can control the manufacture of not only square pegs, but
round ones and triangular pegs too. If there is a pereived
market for only square pegs, only square pegs will be manu-
factured. But information production is very different from
peg production; the good is intangible, infinitely variable,
and its characteristics and value can generally be assessed
only after production. There is no way for the xganisation
to predetermine precisely what will be useful information
and what will be useless. Even a retrospective assessment
is likely to be difficult. Consequently, the inexpensive
electronics hardware o modern information technology is
used to full capacity to produce information indiscriminately
We do not know what effect this has on the efficiency of
the organisation but Leibenstein's X-inefficiency concept
may be pertinent;prof'ligate use of information may be a major
cause of inefficiency engendered by an activity internal to
the firm."(Lamberton,Macdonald and Mandeville, l980,p..l3.)
There is however also little doubt that the slow down in producti-
vity growth is directly linked to the very low and sometimes nega-
tive output growth of the last eight years. Excess capacity, under-.
utilisation of capital with firms having to forgo their crucial
economies of scale, hoarding of labour,etc.are all factors which
might have had a significant influence on productivity growth,
in terms of the short-term cyclical relation between output.;ind
productivity growth (see e.g. Okun's 'law), as. well as in terinsof
the long-term relationship (OEcD,1980a).
It is of course the present output crisis, which obscures so much
the technical, change-employment debate. Most of the latter1, Limited
here to the European debate,developed within the early 70's,
when a clear pattern of 'jobless' growth (Freeman,1977) started
to emerge in the industrial sectors. of most European countries.
The evolution of output and employment can be most easily, repre-
sented in graphical form. Figure 1 is an updated presentation of
Soete(1978), where industrial employment and output for the 'nine
EEC-countries are given for"each-"year since 1950. As. the figure
illustrates,up to 1965 output growth was always accompagnied
by employment growth,. whereas form 1965 onwards a clear pattern
of jobless growth started to emerge with continuous negative growth
rates in industrial. employment since 1973. For the latter period
however, output itself started to slow down, with actual negative
growth rates in 1975 and 1980. For this period and in particular
the most recent years, it is difficult to say much about an under-
lying trend towards f.urther rationalization and technical. change
job-dispraceent. Fo.r the. post 1979' period it is indeed difficult
.t separate the business cyclical, recessional employment effects.
of the fall. in output growth, from the long term 'structural'
employment, displacement effects of technical. change. The fall in
productivity growth mentioned earlier, suggests however, that the
latter has only ha4 a minor effect on the present (79-8?) employ-
ment crisis. The most recent unemployment figures seem to give
further, support for this view. In Table 2, unemployment rates.
for the years 1929-1935 and 1976-1981 (first three'months)-are'
presented. The figures for 1980 and 1981, indicate in general 'a
sharp increase in the rate of unemployment, the exceptions being''
l.We do not refer to the 'dehateswhich developed in the late 20's
early 30's, nor .to . the US debate of the early 60's in relation
to automation. 'Itis interesting however to read back these de-

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Germany (FR) and Japan, which gives further weight to the view
that the present high unemployment rates are in firs.t instance
related to the recessional output growth tendencies,resulting from
oil shocks or anti-inflationary government policies. passan.t',
it is worth noting that for a number of countries the unemployment
levels for 1980 and 1981 are- corning rather near to the 1930's level,
Combined with the very low output growth for 1919/80 and the
predicted ones for 1981 and even 1982, the present 'recession'
seems to have more and more 'depressional' characteristics.
To conclude this first brief section, let me come back to the
earlier mentioned 'microelectronic job-threat/falling-productivity
growth' paradox. It. seems as if the question as to the possible
impact of new technologies on employment is, within the present
economic climate rather trivial. If only 'new' technologies
could stimulate and induce the system to higher growth levels
seems somehow a far more relevant question ; if employment dis-
placement were to occur during the process, couldn't it be solved
rather easily ? As Samuel Brittan, Britain's leading teconomic
puts it : "The micro-chip revolution, as popularly
presented, presupposes a revOlutionary increase in productivity.
Let us suppose that it enables today's output to be produced by
half the population. Is it likely that the economy will work so
badly that half the working population, i.e. about 12m. people,
will be unemployed; or so irrational that average working hours
will be cut by haLf even when people still want more t.ke-home pay?"
(S.Brittan,1979,p.27). winile, judging from the present-day
workino of the economy (and in particular the British. one), one
might well be tempted to answer Brittan's questions affirmatively,
it seems nonetheless reasonable to assume that,confronted with
1,To give more credit to the labour saving technical change .argunieri-
tation, we assume that output growth is in. some way. s,upp1Y con-
9.
the massive increase in wealth ; either in terms of 'pure'
labour time saving, or some output growth and labour time
saving, resulting from the use of the 'new' technology, labour
displacement could be dealt with effectively through a more
even distribution of available labour time (for a full employ-
ment policy proposal along these lines, see Soete,1980a).
In some way, and maybe underlying the slowdown in productivity
growth, the various measures taken in some countries, in
relation to early retirement, shorter working week, increased
holidays,etc. are already first indications of such a policy.
Once all the gains in labour time saving, resulting from
technological change completely shared, the only problem
would be what to do and how to organise leisure1.
With the exception of 'work-alcoho.Iics' (maybe they should
be given jobs in academic research institutes), life would
be paradisiac for everybody. A'Brave New World' with only
alpha's and all the rest machines'.
1. See amongst other the increasing amount of sociological'
work on leisure Gershuny,197
II
Interna.Uonal Competition and 'Catching Up'
The main reason why such a 'paradisiac' world belongs still and
will probably belong for a very long time to science fiction, is
related to the fact that one cannot discuss the technical change-
emp].oymént issue and especially its policy conclusions within a
purely closed economy situation. The introduction of international
competition alters the picture abruptly1. Were a country to opt
for a specific employment strategy aimed at distributing the pro-
ductivity gains of new technologies in' terms of increasing employ-
ment (in many ways the picture which emerges out of the output,
employment and productivity growth in Sweden during the period
1974-1977 suggests such a policy see e.g. OECD,1980b), its effect
on the country's international competitiveness would be felt rather
quickly and it would practically be forced to reduce its relative
labour costs (see e.g. the Swedish devaluation in 1977).
The major factor underlying the importance of international com-
petition within the technical change-employment debate is of course
the international diffusion of technology. For , technology.
acquires only commercial value through t (Cooper and
Floffinan,l978 for a clear and succinct argumentation). Its inter-
national diffusion is thus neither free and costless, nor immediate.
Technological represent monopoly power, and it has been
shown that a large proportion of the OECD's manufactured exports
is dominated by these technological assets. (Hatzjronoug1ou, 1980,
Soete,1980b,1981), Yet there is little doubt that technologiaci
appropriation, is highly imperfect at the international 'level.. 'Today,
new technology gets diffused rather rapidly, and allows generally
speaking the other developed , 'imitating' countries 'to. catch up'.
1.For a formal th&retical argumentation, in terms of the adoption
and non-adoption of labour-saving technology by one country vis-
the stofhe eos9
U-.
The international diffusion of technology has been a crucial factor
in the development and economic growth of most developed countries.
Particularly when a clear technological leader can be identified
(e.g. the US since the 2nd World War), there seems to be scope for
a process of rapid 'catching-up' growth (Cornwall,1976, see also
Singer and Reyn1ds,l975),where the mere existence. of a technological
gap may provide a sufficient incentive for rapid economic growth.
According to Gomulka (1971), one can actually consider two sorts
of diffusion mechanisms : the first, the free exchange o scienti-
fic and technical information follows directly from the technologi-
cal gap ("technological gap will be thought of as a pump of diffu-
sion" p.11), the second consists of the actual import of technology
and its diffusion in thecountry. It is in first instance, the
latter whjCh will bt most effective for successful industrialisatidzi.
Japan's success in following such a strategy is well-known : in 1950
it imported technology for less than % 3 million, in 1963 for nearly
% 150 million,. and in 1979 for more than. % 2800 million. At the
same time its research expenditures rose from % 129. million in 1953
to % 1060 million in 1964 and % 14200 million in 1977/78. It is the
gradual shift of its 'endogeneous' technological effort from an
auxiliary role. to the import of technology, to autonomous techno-
logical developnient,-wh-ich seems to be the crucial characteristic
of Japan's emergence as a technological, leader. Yet even in this
situationit-is still heavily relying on foreign technology,and its
balance of technological payments is negative and still rising (see
Table 4). Yet as indicated in Table 5, the balance between, the
receipts for technology exports and the payments for technology
imports for contracts as opposed to contiriuedprograins has
turned positive since 1972 (a ratio of more than 1 in Table 5,see , -
Vickery, 1980).
Source : IMP, Balance of Payments Yearbook, December 1978, December 1979.




Balance of Payments Other Private
Receits and Payments for Datents, licenses and similar
(million US
1970 1971 1972 1973 1974 1975 1976 1977 1978
Argentina: Royalties
Credit 9 5 5 10 11 18 23 14
Debit 70 80 55 82 101 67 39 54
Austria : Licences, patents and copyrights
Credit 8 8 9 14 13 20 26 29
Debit 33 41 47 70 84 87 104 119
China (Republic) : Copyrights and patent royalties
Debit 4 10 11 37 45 35 37 42
Colombia : Copyrights and patent royalties
Credit 3 2 2 2 2 2
Debit 1 7 8 8 5 8 7
Costa Rica : Patent royalties
Debit 1,7 1.6 1.5 1.7 3.3 4 4 4
Grmanv : Licences and patents
Credit 150 217 206 265 316 312 350 463
Debit 421 499 575 673 826 808 992 1176
Isiael : Copyrights and patent royalties
Debit 4 5 4 7 8 9 11 8
Ita : Patent royalties
Credit 85 47 55 75 72 80 121 103
Debit 329 259 277 279 386 321 421 498
Jamaica : Royalties and similar income
Debit 1.6 2.0 2.6 2.9 5 5 1.4
Malta : Royalties and similar income
Debit 0.5 0.5 1.4
Netherlands : Royalties, licenses, copyrights, etc.
160 185 209 224 277Credit 105 104 129
Debit 116 153 174 237 280 356 358 446
San : Copyrights and patent royalties
Debit 86 118 144 194 301 145 117
Swaziland : Patexit royalties
Debit 0.6 0.6 0.6
Trinidad and Tobago : Patents, royaltiel and similar fees
Debit 2 0.7 1 3 3 2.5 2.7 3.1
Yugoslavia : Copyrights and patent royalties






































































































































































































































































































































































































































































































































































































































































































































































A similar pattern might well emerge out of the more recent evo-
lution of technology imports in the case of South Korea, where
both payments for imported technology have increased substantially
over the 70's '(% 58 million in 1977), as well as research expendi-
ture which was primarily aimed at enabling the economy to absorb
quickly the -foreign technology (% 40 million in 1977).
There is also little doubt that the rapid growth in labour produc-
tivity which occurred in most West-European countries-in the 50's
and the 60's can be explained to a great extent in terms of this sort
of technological gap induced 'catching-up' growth1. The technolo-
gical gap between the US and Western Europe was at its deepest
after the Second World War-. As Agnus Maddison observes
"The USA developed its productivity lead initially in. the
period from the 1890's to 1913 at a time when its prospects
were particularly bright because of its great natural re-
source advantages, huge internal market, and rapid popu-
lation growth. This fostered higher rates of investment
than in Europe and a faster growth of capital per employee0
By 1913 the US productivity advantage over the UK - the
old leader - was about a quarter. One cannot tell how wide:
this productivity gap would have become in "normal" cir-
cumstances. Eventually the forces making for US ascendancy
would have faded, as indeed they now have. In the meantime,
however, the productivity gap became very much bigger,
mainly because of the two world wars-both of which stimu-
lated the US economy and.retarded the advance of the other
countries. -In 1950, there was an unnatural degree of dis-
persion between the USA and most of the other countriest'
(Maddison,1979,p.l
The importance-of the international diffusion of technology and
especially the import of foreign technology for economic growth, is
1.For an empirical verification of various growth patterns over the j
period 1890-1977, see Pavitt and Soete,l98l.
15
also evident from the genera]. technological balance of payment
figures given in Table 4. With the exception of Switzerland,
where the figures are very much influenced by tax advantages, the
countr±eswith a positivetechnologicalbalance of payments ; the
UK and the US, are also the countries which the lowest growth rates
over the post-war period.
As the gap narrows however, and more and more countries draw nearer
to ettechzo1oica1 frontier', economic growth, in particular
productivity growth, slows down and settles at the rate of advance
of the technological frontier itself. While this phenomenon might
explain for a good deal the slow down in productivity growth in
a number of European countries and Japan, it doesn't explain the
slowdown in the US, and it leaves the question open why the
'broadening' of technological leadership to Japan and a number of
European countries (Germany (FR), Sweden, France, Switzerland),
has not led to a quickening in the rate of advance of the technolo-
gical frontier itself. One can think of various reasons why this
does not seem to happen. It could well be that the productivity
of science,and technology in particular,has slowed down (reduction
in research expenditure on 'basjc' science), and tha-t we are now
in a phase of rapid decreasing returns to existing science and
technology, desperately waiting for a number of 'fundamental'
scientific and technological breakthroughs.
A more plausible explanation sustains that with the narrowing of
the technological gap and the 'catching-up' countries coming near
to the technological frontier, there is a period of intense techno-
logical competition between the major for technolo-
gical leadership, with a continuing increase in the autonomous
research spending (as opposed to the preponderance of 'auxiliary-
to-technology-import' research spending in the early catching-up
16.
phase), of the 'catching-up' countries, yet more and more duplica-
tive research. In some way, the situation 'which arises is very
similar to Arrow's(l962) competitive model, with less risk-taking
research1,but at the same time excessive directly-productive2researcI
At the same time, the international diffusion of technology increa-
ses more rapidly, the various technological leaders competing
against each other in domestic as well as foreign markets. The
result. is a further decline in the rate of return to inventive
activity and innovation. Even the smaller countries, seeing their
productivity growth more and more restrained by the rate of ad-
vance of the technological frontier, will increase further their
'autonomous' research effort, in order to achieve technoligical
leadership in those sectors in which they have either developed
some technology or export comparative advantage. A possible indi-
cation of such a trend can be found in Figure 2, w1.th illustrates.
the evolution of R&D expenditures in the Business Enterprise Sector
per capita over the period 1967-1977, in terms of the distance or
proximity from the technological frontier (measured here as the
ratio between each country's GDP per capita and the US .GDP per
capita level, see Pavitt' and Soete,l981). Countries which have
achieved GDP per capita levels above the US one in 1967 (Sweden
and Switzerland) seem to have been forced to increase their R&D
per capita levels dramatically with little or no effect on their
own economic growth. With the exception of Canada, countries which
have' achieved GDP per capita levels above, the US one in 1977
(Denmark,Norway and Canada), have also haa to increase their' R&D
per capita levels significantly, though their growth performance'
because of the fear of international.. diffusion.
perceived as 'directly-productive', in the lo.g term however,
there is less and less scope for this sort of research,de-
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was relatively good. The R&D per capita levels of these countries
remains however relatively low, indicating that they have been
relying heavily on technology imports in order to achieve that
growth performance. Having drawn near to the 'technological
from-tier', one might expect that these countries will be forced
to increase their R&D effort substantially, if they want to main-
tam their growth performance. For the other countries-, with the
clear UK exception, rapid 'catching-up' growth has been accom-
pagnied by substantial increases in R&D per capita levels. Ov-erafl.
Figure 2 illustrates rather neatly, how countries have to in-
crease their technological effort, when approaching the 'technolo-
gical frontier* (the upward movement at the right hand side of the
graph).
As mentibned before however,, -to the extent that the resulting in-,
crease in international technological competition reduces the
rate of return to technology, most countries find themselves in
the paradoxical situation of spending more on 'autonomous' research
while the price for the import of technology has actually slowed
down. As each country's 'technological assets' reprsent less and
less monopoly power,so that the monopoly rent itcan earn on its
technology exports starts declining, it will finally be the degree
of- technological success, the relative labour costs,. the availa-
bility of skills1 and the extent to which government support is
provided, which will. determite which country(ies) will eventually
emerge as the new technological leader(s). A process of 'diver-
gence-growth' (Pavitt,1979,1980) will be set inmotion, which will
last tii.lthe newly created technological gap is sufficiently




The sort of development just described is of course extremely
speculative. The main trust of the argument is however that there
is no reason why as e.g. in Gomulka's growth model, technological
gap growth would only be a 'temporary' perturbating factor. Once
its effect dissipated all countries would return to their natural
population growth rates;"...the relative technological gap between
the United Satess on the one side, and West Europe, the Soviet
Union and Japan on. the ot1-es. gradually narrowing. All these coun-
tries are. becoming one technologically unified and leading area..
The unification will probably be completed as early as 1990 in
the case of Japan and about 2010-2030 inthe case of the USSR and
West Europe. Then rapid growth will probably gradually disappear
all over the area."(Gomulka,l971,p.58) However, precisely,the
same conditions as existed in the case of the US in the period
l890-l913(notto speak'of both World Wars) and-which allowed the
technological gap to grow, might well exist for one or a number of
countries in the near future. Convergence is indeed not a particular
characteristic of human history.
But it is time to conclude. The relationship between technical
change and employment is obviously far more complicated than
generally assumed. Consequently, while there exist relatively
simple policy solutions to the possible labour displacement effects.
of labour saving technical change,. if one were to live,not only on
-. an island, but also on a. closed island. , the whole picture becomes
rather obscure once international competition is introduced, and
it all- seems to depend on these same old export and import price
elasticities(see a.o. Boyer ,l979,p.8, and Dosi,l979).
Yet,. as we tried to argue in the first 'section, even it one were:
ready to ignore the rest' of the world, there seems to be despite
the much heralded microelectronic revolution, little scope for
any 'sharing' of productivity growth, in terms of employment crea-
tion The lattez, and in some way paradoxically, has been
slowing down since the mid-seventies , and particular in the pre
sent recession or depression seems to be at its lowest level ever..
The relevant question seems therefore more to be how to increase
productivity growth or alternatively what are the causes under-
lying the present productivity slowdown. In this paper we have
focussed on international productivity growth explanations based
on 'catching up' or 'technological gap' growth models. To the
extent that they succeed wel]. in explaining the productivity
slow down in the 7O' in the Western European countries and Japan,
as a direct result from the closing down of the 'abnormal'
technological gap with the US at .the end of the 2nd World War,
they are useful, and should be analysed far mor.e carefully. Yet,
to the extent that they overemphasize the '.zuechaujã', automatic
aspects of past economic growth because of the mere existence of
a technological gap, they are particularly unsuited to explain
developing countries economic growth performance, and their over-.
a].]. predictive power, in terms ofaconvergence of a].]. growth levels
to population growth levels (how did technological gaps then
develop?), is unfortunately limited1.
1. Maybe slightly unfair, but it is indeed very tempting to quote
Gomulka's prediction in relation to the UK productivity growth.
for themid-seventies and eighties, resulting from the widening:
productivity gap between. the UK on the one hand and the US,
Western Europe and even Japan on the other : "The UK .industr
is at present under the increasing influence of the technolo-
gically and organizationally more innovative, and apparently al-
ready more advanced Western Europe and Japan.So, in principle ,one
may expect a further,though temporary rise in the UK's producti-
vity growth rate from about 2.3 per. cent in the 50's,4 per cent
in the years 61-74 to 5 per cent or so, characteristic. now. for
Western Europe and Japan,fbllowed by a decline to the US rate
of about 3 per cent per annum"(G9mu].ka,1979,P.191).F0r the actual
figures of UK productivity growth, see Table. 1.
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Strategic Aspects of Chemical
Industry Development in the
Rapidly Industrializing Nations
K. Nagaraja Rao, Raymond F. Baddour, and Christopher T. Hill
The chemical industry throughout the world is in a period of rapid change and ma-
jor reorientation. This calls for a re-examination of the strategies followed by the
newly industrializing countries in developing their chemical process industries.
Chemical products are essential for almost every aspect of a developing economy.
Chemicals and chemical products are used in most sectors of manufacturing, in
food processing, in civil construction, in communications, in military operations.
in health care, and so on. Pesticides, fertilizers, drugs, paints and coatings, adhe-
sives, plastics, rubber products, hydraulic fluids, etc., are all products of the
chemical industry. Like steel and cement, chemicals are everywhere. Thus, a secure
supply of chemicals is important to development.
While the ten-fold increase in world crude oil prices of the past eight years has
beert a challenge to the petrochemical industries of Europe, Japan, 2nd to a lesser
extent, the United States, it has severely affected the nascent chemical industries in
developing countries. The world price of crude naphtha - upon which many new
industries are basedhas increased manyfold from 1973 to 1982. Thus, these in-
dustries, which contribute little to direct employment in developing countries,
have also become major consumers of foreign exchange.
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Not only have the OPEC countries raised the price of petroleum, but they are
themselves entering the chemical production business. As the major new units
come on stream in the 1980s, they will be in direct competition with existing in-
dustries all over the world.
Needless to say, oil-producing countries in the chemical business can to some ex-
tent choose whether to extract their monopoly profits from oil or from chemicals
produced from oil. Therein lies the possibility - if not the motivation - for chemical
pricing policies that could undercut local industries dependent on imported naphtha
for feedstock.
In light of the vastly altered world feedstock situation (and of the removal of the
petroleum and natural gas price controls that have given the US chemical firms an
advantage vis-I-vis Europe and Japan), the free world's major chemical firms are
currently adjusting their own growth and development strategies.
For example, major chemical firms such as DuPont, Dow, Monsanto, ICI and
Bayer have all stated their intentions to focus on the development and production
of "specialty" chemicals in the 1980s. Produced in smaller volume, embodying
higher value added, and reflecting greater contributions of technical expertise than
the traditional bread-and-butter commodity chemicals, these specialities from the
majors will threaten both the smaller chemical firms in the developed world and
the emerging chemical industries in industrializing countries.
Finally, there is a growing consensus in industrialized countries that the produc-
tion, use and disposal of chemicals pose major hazards to man and the environ-
ment that must be controlled by vigorous government action. Japan, the US and
several European countries have recently adopted laws requiring tçsting and official
notification prior to manufacture (in the US) or to marketing (EEC countries and
Japan). Since they apply to imports as well as to domestic production, these and
related environmental and public health protection laws set a high standard for the
scientific and technical sophistication of the industry and government of a country
that wishes to engage in international trade in chemicals. Furthermore, such
sophistication is also required if a nation is to protect its own citizens and its pro-
ductive natural resources from such hazards.
The circumstances of the 1980s are very different from those of the 1960s, when
the dominant paradigm of chemical industry development emerged from the ex-
perience of such nations as Japan, India and various Latin American countries. It is
interesting to explore the implications of the new circumstances for development
strategy with respect to chemicals, highlighting the importance of developing
technological capability along several dimensions as a key element in that strategy.
The Special Case of Rapidly Industrializing LDCs
The availability of raw materials and energy resources, capital, indigenous
technological capacity and the size of the market are the principal determinants of
any national strategy for the development of the chemical process industry (CPI).
Countries differ in their endowment of these resources or in their ability to pur-
chase them from other countries. Inputs to the chemical process industry would
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resources (especially biomass) and inorganic resources, such as minerals. While the
OPEC countries have petroleum in abundance, they are very much dependent on
technology from the more advanced countries. But they are able to buy the
technology and engineering design and construction services needed. Other coun-
tries are not so fortunate. Several rapidly developing countries (also characterized as
middle-income countries) are poor in petroleum and other raw materials needed by
the chemical process industry, but still aspire to, and are no.w investing heavily in,
the establishment of sizeable chemical process industries. Most are also decient in
terms of the size of capital needed for CPI development. Korea, Israel, India,
Brazil, Portugal and Spain are examples of such countries. (See Table 1 for in.
dicators on these countries.)
The strategies of these countries may be critically examined by the stages
through which the chemical industry has passed in these and other countries. Five
stages may easily be distinguished. It must be emphasized, however, that these
stages are not necessarily sequential.
Even today, many countries in all the regions of the developing world import large
volumes of basic chemicals which are simply mixed or compounded for sale to the
ultimate consumer, This is very common in pharmaceuticals and pesticides and also
in the fertilizer industry. A variety of synthetic resins are also imported and mixed
















Sources: GDP per capita: 1976 Statistical Yearbook, United Nations. New York; percentage share of
chemical industries and R&D/GNP 1977: Calculations based ort Yearbook of National Account
Statistic: 1976 and 1979 Statistical Yearbook, United Nations, New York; chemical R&D in private
industry: IndwtrialR, D & E in Spain 1977, World Bank; Statistical Characteristics, OECD, Paris
--Achncwledgmen:: The authors are grateful to Mr. ThomarMãicrfor his assistance in gathering dan
for this table and for background information on the chemical industry in the target countries.
for sak o th plasticx..pint and yarnish industries. If the size of the market does
titJtitify local manufacturing, this is indeed an appropriate strategy. However.
the opportunities to produce locally some of the more simple molecules would
need to be continuously kept in mind if the country wishes to achieve technical
capability in the CPI.
Import Substitution Stage
With th ostensible goals of saving precious foreign exchange and the concomitanx
acquisition of technical familiarity with the process, many developing countries
have followed import substitution strategies in the past two decades. This strategy
has unfortunately led them into a trap. The processes that have been imported are
such that a permanent dependence has been created for imported raw materials
and other inputs such as catalysts. In recent years, the rising costs of energy have
forced costs to rise to non-competitive levels. What was seen earlier as a means of
saving foreign exchange has frequently turned into a drain. Royalty payments for
proprietary technology have also become an added burden. Key technologies in the
process industries are not usually transferred to the developing country during this
stage.
Indigenous Process Technology Development Stage
Indigenous technologies are usually developed by the LDCs to convert locally
available renewable and inorganic raw materials into chemicals. Brazil's gasohol
development is impressive by world standards. Both India and Brazil have
developed several inorganic and organic processes to make chemicals which are now
available for sale worldwide. Israel has developed a strong position in bromine and
pesticides based on Dead Sea minerals. Export-oriented Korea has an ambitious
program to develop its chemical process equipment industry.
However, processes use4 worldwide today in the basic chemical, petrochemical
and pharmaceutical industries are still from the US, the developed European coun-
tries and Japan, which is now re-exporting technologies it originally licensed from
these countries. There is however a drive by several of the developing countries to
break into these sectors. Some penetration of the African and Middle Eastern
markets by process equipment made in the developing countries has already oc-
curred.
Production of Building Block Chemicals for the Petrochemical
Industrj and Petroleum Refineries for Gasoline
Stimulated by the desire to become self-sufficient in synthetic fibers and plastics,
several countries have established petrochemical complexes based completely on
imported naphtha. For example, the Korean petrochemical industry, built initially
to serve the domestic market, operates efficiently and profitably. Plans for expan-
sion of production for export are well underway.
Vulnerability to raw material supply interruptions and potential competition
... ........
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from other South Asian countries, which are engaged in similar expansions (for ex-
ample, Indonesia, a member of OPEC, is entering petrochemical production, as
are Singapore and Malaysia), may reduce the scope of these expansions somewhat.
Built with internationally available technology and design and engineering assistance
from leading foreign firms, the transfer of technology to local engineering groups
has been minimal in these undertakings. Local engineering groups only do what is
described as 'detailed engineering' with the core technology and. conceptual design
coming from the foreign contracting firm.
Stage of Indigenous Product and Process Innovation
for the Domestic Market and Export
This stage usually requires the close collaboration of technically sophisticated local
firms with universities and/or public research laboratories. It also requires a strong
national base of chemical and biological science knowledge. This is the stage at
which indigenous technological capability really counts. It is theoretically possible
for the countries, such as India, Brazil, Korea, Portugal or Spain, with substantial
groups of professional chemists and biologists to move into the area of high-value-
added chemicals (additives, colorings, preservatives, pharmaceuticals, dyes, etc.)
and this is indeed the announced goal of many of these countries. However, much
of the technology for these chemicals is proprietary and licenses are difficult, if not
impossible, to obtain. Besides, financing mechanisms, such as venture capital com-
panies, do not yet exist in these countries to share in the risk of product and process
development. Governmental involvement and support over extended periods may
be needed to assist local firms to enter this highly competitive field of fine chemicals
manufacture.
Technological Capability - Static and Dynamic Views
In order to adopt, adapt and develop chemical process technologies, a nation needs
a base of scientific arid technological capability encompassing several disciplines
and activities, and especially competence in industry. A national strategy needs
to be concerned with each of these and with the question of their most effective in-
stitutional home. Furthermore, a strategy needs to be concerned nor only with the
static question of the kinds of capability and their locus, but also with the question
of the dynamics of acquisition of these capabilities. One way to categorize the
elements of chemical capability is presented below:
The chemical and biological science bases provide the floor upon which all fur-
ther activities are built. Strength in such fields as catalysis, organic synthesis,
analytical chemistry and biochemistry is needed. These capabilities are relatively
mobile, because they reside in the minds of academically trained scientists and in
relatively inexpensive laboratory equipment. In many nations the university system
can produce chemists and biologists with state-of-the.art training, or scientists can
be trained in other countries....._.... ....... . -.. . . . . ......
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perhaps the highest levels of technical sophistication of any of the capability areas.
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"These tasks re4uire operation aiJ rraintenance of advanced precision iritrumcnta
don, data processing and analysis, and medical and biological understanding.
Technical university graduates with advanced degrees in science and engineering
are reasonably well-equipped to perform these duties, if their educational programs
have emphasized experimental rather than theoretical research. Beyond allocation
of such highly skilled people to this "non-productive" work, however, capability in
this area requires a national awareness andcommitment to consumer, worker and
environmental protection.
Another element of national capability is a corps of specialists who can iden:zfr
markets and who can provide technical assistance to user firms. Such specialists
need not so much in-depth technical expertise as broad familiarity with the struc-
(,ture and needs of local industry, and understanding of local bureaucratic and in-
dustrial management practices.
The process engineering base is largely centered in chemical engineers who can
specify process flow sheets and operating conditions and parameters, and who can
supervise plant operations. Often bachelors' degrees or the equivalent are adequate
for even sophisticated operations. However, universities are rarely equipped to
graduate engineers who can contribute immediately to process engineering. Fur-
ther, university faculty and government laboratory engineers rarely are prepared to
participate directly and fully in such work. A period of industrial experience is
essential.
Process Design and Construction
A closely related capability is in frmcess design and construction. Such work usually
involves mechanical and civil engineers and, to a lesser extent, electrical and
materials engineers. Such professionals are concerned with a level of detail and ap-
plication in concrete situations that is not encountered in universities and govern-
ment labs. They are frequently found in specialized design and construction firms.
Work in this area draws heavily on experience and accumulated knowledge gained
from practice, including management of construction projects. However, even in
the most advanced countries a large measure of this expertise can be "rented"
through the world-wide system of firms that specialize in plant design and con-
/ Another chemical technology capability involves process control and optimiza-
tion. Specific skills range from instrument repair to sophisticated microelectronic
design and computer modeling. Both skilled technicians and advanced engineers
and computer scientists with industrial experience are needed. Fortunately, these
skills are generalizable across a wide range of technologies and branches of in-
dustries.
In order to build and maintain a chemical industry, a country needs skilled
tradesmen, such as welders, electricians and other types of technicians, who can
work with exotic materials and with complex machinery and systems of control.
While most countries have tradesmen in these fields and training institutions can
augment their skills in specific areas, a period of apprenticeship or on-the-job train-
ing is necessary if such people are to work effectively and safely.
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Equ:t'men: desiEn and fabrication requires a wide range of practical skills arid
the support of supplier industries. It requires skilled tradesmen and designers. tt
also requires substantial capabilities in measurement, quality control and testing,
as well as in materials handling and production management. Some of these
capabilities can be learned in the classroom; others require years of experience.
The last, and very important, area of capability is the ability to assess and decide
among technological alternatives. This capability requires an integration of
technical training; experience in raw materials acquisition, marketing, business
operations and labor relations, and a knowledge of international chemical industry
trends. Thus, it requires the combined skills of a sophisticated engineer and an ex-
perienced business executive - a rare blend in any society and doubly rare in the
private sector of newly industrializing countries.
Acquiring the CapabilitiesA Dynamic View
Industrializing countries need to develop a strategy for the acquisition of
capabilities described above. However, they face a substantial dilemma in getting
started; without these capabilities an industry cannot be started, and without an
industry, the capabilities cannot be developed. Thus, the experiences of many
countries show that the only viable alternative is the participation of foreign firms
in the developthent of their chemical industry, but this holds the risk of continuing
technological dependence.
It is necessary to examine strategies and options that countries may find useful in
managing the simultaneous development of: 1. a domestic chemical industry with
limited participation by foreign firms, and 2. the technological capability needed
to establish a relatively independent chemical sector over time. Observations in
several countries are used to identify pitfalls to be avoided along the way and to
suggest opportunities to make the best of a complex situation.
Strategies for Chemical Industry Development
As noted previously, a national strategy for chemical industry development needs
to consider the nation's natural resource base, capital availability, market cir-
cumstances and technological capability. Among these factors for any particular
country, technological capability is the most susceptible to modification through
conscious policy choice. It also affects the choice of a successful strategy. Thus a
chemical development strategy must consider both the existing state of techno-
logical capability and the ways in which that capability can be strengthened over
time.
Table 2 illustrates the relationships among the elements of technological capa-
bility discussed in the earlier section and five possible chemical industry develop-
ment options. The five development options correspond roughly to the stages in
the classical model of development of a chemical industry. The table also indicates
the institution in which the capability elements must be "learned."
Consider. a strategy that emphasizes Option III, eventual development of a
strong national capability. Clearly, academic and classroom experiences are



























insufficient by themselves to facilitate all but the most rudimentary chemical in-
dustrial development. Industrial training and experience are the sine qua non for
development. In the authors' judgment, only equipment design and fabrication
skills can reasonably be left to foreign suppliers when a nation follows this strategy.
But acquiring all these capabilities makes it unavoidable that. a nation pass first
through either Option I or Option II. This choice, in turn, is likely to be heavily
influenced in today's world market conditions by a nation's raw material position.
If a nation is deficient in chemical raw materials, especially in petroleum or natu-
ral gas, then Option II, which involves building a domestic industry under con-
tracts with foreign engineering firms, is unlikely to be appropriate. This will be so
because, for the most part, the only technologies available from such &ms are
world-scale plant designs for producing bulk primary or intermediate chemicals. As
noted in the introduction, a nation without raw materials is at a severe competitive
disadvantage in such products. It must also import intermediates. Rather than
follow this course, which was adopted in the last few decades by such countries as
Spain, Portugal, Korea, and India, in today's world chemical environment, a newly
industrializing nation without a substantial chemical raw material base might be
Litcje
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well-advised to follow Option 1, limit its chemical industry to a few compounds,
and depend on imported chemicals to meet most of its needs.
However, if a raw-material-poor nation is fortunate enough to have very strong
capabilities in basic science, process engineering and skilled trades, and if it has
reasonable capabilities in process design and construction and in process control
and optimization, it might consider embarking on the very challenging Option UI
(initial foreign participation with focus on indigenous capability) and trying to pro-
duce high-value-added specialty products. Following this course, a nation is mak-
ing a bet that it can succeed in three key areas: 1. getting access to sufficient in-
termediate chemicals in the world market to serve as raw materials; 2. negotiating
agreements on joint ventures and licenses that will facilitate later disengagement
from foreign participants; and 3. managing to train and retain cadres of experts
with the capabilities required to sustain a relatively autonomous industry. To the
authors' knowledge, only Japan has succeeded in following this path to modern
chemical industry development, and, of course, Japan commenced its redevelop-
ment in the 1950s with strong, if badly damaged, technological capabilities, in-
cluding a national emphasis on the production of qualified engineers.
Table 2 also has important implications for the raw-material-rich developing na-
tions that are, considering entering the chemical industry. Despite their raw
material situations, such countries are often very limited in the kind of chemical in-
dustry they can develop by weaknesses in technological capabilities, unless they are
willing to be almost completely dependent on foreign expertise. Such dependence
may lead to undesirable political and social consequences for both parties. With
one or two exceptions, not even the OPEC countries can afford not to optimize the
returns to their oil and gas resources. So developing local centers of technological
capability is important for them as well.
Summary
In summary, a number of elements of technological capability are central to na-
tional strategies of industrializing LDCs for developing a chemical industry in the
1980s. Countries which already possess a strong raw materials base and a command-
ing technological capability will dominate world trade in chemical products. Too
great a focus on markets arid financing to the exclusion of technology arid the raw
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INTRODUCTION
In marked contrast to earlier periods, the major actors in the world
economy have begun the decade of the l98Os with a profound sense of
uncertainty over the likely course of future events. The principle
economic reason for this unease is that since the late l96Os, the advanced
industrial economies (AICs) have suffered a serious deterioration in
economic performance. Government attempts to effect improvements through
the application of orthodox and unorthodox policies have so far met with
little sustained success. Short run forecasts for the 1981-1985 period
offer little evidence of any imediate and substantive improvement and
growth rates are not expected to go very much above 1.5%.
The AICs of course have not been alone in their difficulties. The
developing countries (DCs) also experienced rather serious economic
problems in the 1970s - a development which for many only made an
already difficult situation much worse. There is little question that
some of the problems were due to internal mismanagement. However, many
were related directly to the poor economic conditions in the AIC and
the generally depressed state at the world economy. Among many other
factors rising energy prices have been particularly troublesome for the
DCs, causing long term balance of payments crises in almost all non-oil
exporters. Consequently, despite the relatively strong position of a
few newly industrialising countries (NICs), the prospect of a return to earlier
periods of relatively rapid expansion for many DCs in the near future are
dim, with growth expected to be at or near zero in real terms.
These developments have contributed to an international economic
situation that is very different from the 'virtuous' cycle of stability
and expansion in output and trade characteristic of the post-war period.
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It is notable that the malaise currently gripping the world economy
is viewed b r.iany as a direct result of structural imbalances
and ridgidities in the economies of the centre countries. These
structural problems were in part caused and in part exacerbated by
drastic changes in parameters which defined the working of the world
economy in the post war period:. Among these, persistent inflation, rising
energy prices and increasing exports of manufactures from the Third World
are seen to be particularly important sources of tension and change. The
predominant view is that the resolution of these structural problems will
require a significant degree of change and adjustment within the AICs
as they adapt to the new pattern of relative factor prices and the
changed circumstances caused by slower economic growth while making way
for the NICs and other DCs to take their place as major economic actors.
Most observers recognise that adjustment must inevitably involve high
social costs and that the process will be a long term one that has no
certain guarantees of success. Indeed as a quick reading of the economic and
financial section of any major newspaper reveals the nature and consequences
of the (planned and unplanned) restructuring process that has already taken
place in the AICs confirns the view that r.;any difficulties still lie
in the way of a smooth transition.
While the burden of adjustment may well be seen to lie primarily with the
advanced industrial countries, there is little question that the deep
integration of the developing countries into the world economy means that their
fortunes are tied intimately to those of the developed world. As a result,
there are a number of conduits through which developments and actions which
take place in either of these groups can impinge upon each other. This condition
ô mutual interdepdnence has fostered an awareness among policy makers both in
the AICs and the DCs that their freedom of action are inevitably constrained
by their participation in the world econor,iy. One interpretation of the
effect of this situation-is that the AICs and DCs have a strong
justification based on their own self interest for seeking ways of
jointly managing the period of transition and restructuring to ensure
the best possible outcome. This reasoning has been a strong
motivating factor behind the recent efforts of many international agencies to
promote a dialogue between North and South on the problems of restructuring
and reshaping the world economy.
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Given the magnitude of the problems that face all countries at the present
time, attempts to achieve collaborative solutions should certainly continue and
even be increased. However, while we acknowledge the complex degree
of interdependence that does exist between the advanced industrial countries
and the Third World, it is also the case that the developing countries
occupy an inherently weak bargaining position in the present world
economic balance of power. This is so for a number of reasons which are
well documented elsewhere and which have two important
implications for our discussion. Firstly, the DCs can expect to face
a set of economic conditions in the near future which they have played
only a marginal role in determining and which will inevitably reflect
the dominant role of the AICs and the principal actors within these
countries. Secondly, we would argue that the DCs, though participating
fully, should expect to achieve relatively little in the way of negotiated
change which would require the. AICs to make
substantive alterations in their status quo in order to benefit the
Third World. The failure in this regard of the Tokyo round of GATT,
UNCTAD, UNCSTD, the recent UN energy conference and various commodity
stabilisation negotiations bears testimony to this unfortunate fact -
as do the current stalemates extant in the North-South dialogue and
in renegotiation of the Multi-Fibre Agreement.
We believe these conditions strongly underline the need for DCs,
individually and collectively to give utmost priority to their own
independent efforts to achieve their developmental goals in an
increasingly hostile economic environment. Hence the need for well
planned, strategic responses to the problems and prospects posed by this
environment is particularly urgent now even if current uncertainties
make such planning very difficult. The costs of remaining overly
susceptible to the vagaries of the world economy and the self-interest
of the AICs will certainly be even higher in the future than previously.
Third World policy makers have no doubt already discovered that
the factors mentioned above - the current economic difficulties in the
AICs and the public and private sector responses to these have fostered
an economic climate very different from that which confronted them in
the 50s, 60s and early 70s. There are many new elements to contend with
that were not apparent 10 years ago - greatly increased energy costs and
a depressed world economy only two of a much longer list. At the same
time, the longer standing development issues of income distribution,
maintenance of food self-sufficiency, oppressive dictatorial regimes and
political inequalities.
FOCUS OF THE PAPER
There have been a number of recent forecasting exercises and
"forward looking" studies which have attempted to take account of these changes
discussed above. This has frequently been done through the analysis of aggregate
trends in the wide variety of variables involved, in order to be fable to
give estimates of the future shape of the world economy and the position in
it of the developing countries. The purpose of this paper is both more modest
and more eclectic. While we start with a similar awareness of the complex
nature of the factors impinging upon developing countries we shall be
focussing much of our analysis on only one set of these - the
role of technical change and technological development in the
restructuring process and the implications of this for DC industrialisation
strategies in the 1980s.
Technology and technical change have of course, always been important
factors in national development and in the evolution of international
economic relations. We have chosen to focus our discussion on these issues
because of their historical importance and because we believe that
they will play an even greater role in developments in the decade ahead.
There are three elements to this belief which we will explore in the paper.
Firstly, the behaviour of the technical change variable was a major
determinant of the economic difficulties experienced by the advanced
industrial countries in the 1970s. Secondly, given the likely future
effects of the diffusion of some particularly important new technologies and the
ongoing shift in AIC government policy towards more support for innovation we
expect technical change to be a major determinant of AIC economic performance
in the future. Thirdly, the success of DC industrialisation strategies in
response to the restructuring process taking place in and controlled by
the advanced industrial countries will equally depend on their grasp of
the technology factor since this will affect not only their access to AIC
markets but equally their ability to control the path of development of their
own economies.
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Of course technical change is neither an exogenous nor a neutral
variable. The direction it takes and the effects of its introduction
are determined by the decision of firms and governments and by the
national and international economic, political and social context in
which these decisions are taken. A principal interest in this note will
be to explore the implications for the Third World of the decision
regarding technical change strategies and innovation policies adapted by
the public and private sectors in the AICs. Following directly on
from that we shall be discussing how Third World industrialisation
strategies will need to reflect a changed approach to economic relations
with the AICs, and with other developing countries and to the acquisition
and exploitation of industrial technology.
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SECTION II INNOVATION AND ADJUSTMENT IN THE ADVANCED INDUSTRIAL COUNTRIES
Technical change and the innovation strategies adopted by
governments and enterprises in the advanced industrial countries have
been stressed by many observers as important elements in the restructuring
process. They remain, however, uncertain quantities - both in terms of
the nature of their impacts and in relation to the rate at which any
associated changes in the national or international economy will take
place. Past experience is a very imperfect guide to future developments
in the area. Historical relationships between technical change and
economic growth have broken down in the l970s. Poor economic conditions
have prompted firms to undertake innovative strategies which are
quite different from those followed in earlier periods.
Despite the changes in their relationship with economic growth,
technical change and the technological assets of a firm or country have
become increasingly important determinants of their competitive
strengths in international markets. The ability of a country to remain
internationally competitive - at both the "high" and "low0 ends of the
market - is crucial to the continued well-being of its domestic economy.
This may increasingly depend on both the technical change capabilities
of the private sector and the ability of the public sector to marshall
the necessary forms of support to nurture and encourage their
accumulation. Hence government initiatives to stimulate innovation and
encourage diffusion are certain to carry more weight in the future -
and will possibly have a greater and more clearly identifiable impact
than in the past. This section highlights some of the more important
features of past and likely future developments in this area in
relation to the advanced industrial countries.
A Brief Overview of the Underlying Econoric Trends
A number of analyses of the recent economic performance of the AICs
have amply demonstrated the principle features of the current crisis
most relevant to our interests.* The magnitude of the problem
(and the scale of the implications of it for the Third World) can be
easily grasped by reference to Figure I - which shows the relationship
between output and employment in the nine major EEC countries between 1950
and 1980. The period up to 1965 shows a consistent, positive relationship
between output growth and employment growth. From 1965, this relationship
started to change with an initial trend towards a pattern of 'jobless1
growth from 1965 to 1970. In 1970, the pattern again changes to one
featuring almost continuous negative growth rates in employment, which
from 1975 to the present have been combined also with negative rates of
growth in output.
As the graph indicates and Table I confirms, a steady rise in
unemployment has been one of the most severe manifestations of the scale
of the adjustment problems for AICs created by low growth in the 1970s.
The fact that many countries are beginning to approach the unemployment
levels of the 1920s with little signs of an early reversal of the trend
suggests the possibility that the recession of the 1970s could already be
taking on the characteristics of a 1980s style depression.
INSERT FIGURE I AND TABLE I
* Here and throughout this section we draw heavily on recent work
carried out at the Science Policy Research Unit, particularly
Soete, 1980, 1981; Pavitt and Soete, 1981; Pavitt, 1980 and Freeman,
Clark and Soete, 1982.
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Persistent inflation, however, has been perhaps the most notable
and dominant feature of the AIC economies in the 1970s. As with the
declines in output and employment, 'demand-pull' inflation began to
really take hold in the late 1960s in the midst of the US effort to
fund the Vietnam War. It was given massive impetus by first the 1973
and then the 1979 oil price rises, though other factors - labour market
ridgidities, government imposed cost-push pressures, etc. - certainly
played a part. Whatever the precise combination of reasons, the end
result has been a relentless upward march of prices quite unexperienced
in the 1950s and 1960s. The severity of the trend can be gauged by the
fact that during the period from 1974 to 1980, a number of AIC5
including the UK, Italy and France, experienced a rise in prices that
exceeded the increases that occurred between 1953 and 1974 (Kaplinsky,
1982).
The persistence of inflationary pressures combined with rising
unemployment and low output growth has, among other things, confounded
economic theory over the course of the last decade. The predominant
fear of the inflation component in these 'stagflation' conditions has
caused governments to adopt a consistent bias against expansionary
policies in favour of restricting demand. Indeed the elimination of
inflation has been the overwhelming objective of AIC government policy
for at least the last 10 years. The emergence of this 'new' orthodoxy
with its myopic commitment to monetary dogma, has also undoubtedly been
related to the politically expedient need to limit the gains which accrued
to labour during the post war period. Hence, there seems little question
that the restrictive policies followed in 1974-75 and even more drastically in
1980-81 - in spite of high unemployment and the deflationary impact of
oil price rises - have contributed greatly to the severity of the current
recession. The temptation is very strong to link the 1978-81 rise in
OECD unemployment from 16 million to 24 million to AICmonetarist regimes
and the private sector rationalisation tendencies which that mentality
unleashes.
It is obvious that the strongly entrenched character of these
structural conditions and the accompanying government policies have
created a distinctly unfavourable environment for Third World development
efforts in the l980s. This is particularly true if we add to the recipe
the incredients of slow growth in world trade since 1972 - estimated to
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be less than 1.5% in 1981-1982 and the strong tide of protectionism which
has become a feature of the external policies of most DC5. These latter
elements are contextual factors impossible to ignore in any analysis
and we explore them further in subsequent sections.
The Role of Technical Change in National and International Economic
Performance of the Advanced Industrial Countries
Here, however, we are more concerned with a set of distinctly inter-
venti'onist supply-side responses emerging in the advanced industrial countries as
a direct reaction to the malaise depicted in Figure I and Table I. These
responses - embodied in analyses, reports and policy documents emanating
from both the public and the private sector and from policy analysts
- lay stress upon the potentially crucial role of technical change as a
stimulus to renewed growth and expansion in the DC5 (OECD, 1980; Carter, 1981).
The upsurge in interest in the role of technical change as a motor
of economic growth has been based partly upon ex-post assessments of
developments in the 1970s in the relationship between rates of innovative
activity, economic growth and international competitiveness. Both national
and international dimensions are involved. At the national level it is
now clear that the deterioration in output and employment has been
accompanied by an underlying decline in the rate of growth of productivity.*
This can be clearly seen in Table II which shows industrial productivity
growth in the 1970s for the 9 major EEC countries.
INSERT TABLE II
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* This is a trend which has not been picked up by some of the restructuring
analyses. See for instance UNIDO, 1981, p.61.
Numerous explanations have been offered for these declines in
productivity growth. Many of these are clearly related to the underlying
causes of the recession and the correspondingly low rates of growth of
output - restrictive responses to rising energy prices, enterprise
expenditure on environmental related investments required by law,
shifts of labour out of manufacturing into low productivity service
activities, and the pressures of low demand-induced excess capacity
forcing firms to work well below installed economies of scale.
(Soete,1981; Dennison, 1979; Griliches, 1980).
Explanations related to changing patterns of technical change and
industrial R & D have also been given a good deal of prominence. During
the 1970s there were clear shifts in the pattern of R & D investment by
the public and private sector in the OECD countries that contrasted some-
what with the trends established in the 50s and 60s. During that earlier
period, there were consistent increases in R & D expenditure by both
groups which correlated closely with improvements in productivity and
high rates of economic growth. This relationship held between countries
and across sectors - and even during the 1970s those industries with
the highest growth in R & 0 expenditure - such as electronics - have
experienced continued improvements in productivity (OECD, l980)
This relationship has not held up during the 1970s. The rate of increase
in R & 0 expenditure declined dramatically as governments reduced the
level of their direct support and firms shifted resources away from
basic research and longer term projects towards more applied work with
safer short term returns. This latter response is partly due to the
retarding effects of the deflationary policies mentioned above on the
propensity to take risks and on entrepreneurial initiative in general.
Prospects of continued restraints on demand have undoubtedly lead to an
increased lag in the commercial application of technical advances via the overall
slow down in investnlent.** (See OECD, 1980; Soete, 1981; for further
discussion of these points). Between 1959 and 1967 industry R & 0 increased
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* A number of studies at the macro and micro level have demonstrated this
relationship quite clearly. See Black (1968) for US industrial sector as
a whole, Mansfield (1965), and Brown and Conrad (1967)
for firm and industry specific evidence and Rothwell and Zegveld (1981)
for a more general review.
** Also see Griliches (1980) and Thomas (1980) who show a lack of correlation
between R & 0 and productivity growth in the US in the 1970s.
by about two thirds - between 1967 and 1975 there was hardly any
increase in real terms (OECD, 1981). This can be seen by reference
to Table III.
INSERT TABLE III
There is also a growing interest in the structural explanations
based on the work of Schurnpeter, which link the difficulties of the
1970s into a much longer pattern of upswings and downswings in economic
activity caused by the incidence of major technological breakthroughs
and the pattern 0f their effects on investment and employment in the
economy. (See Freeman, 1977; Clark, Freeman and Soete, 1981; and Freeman,
Clark and Soete, 1982). See also UNCTAD, 1981, Chapter
While these technical change related explanations have found an increasing
degree of acceptance among formerly sceptical observers this is by no means a
uniform view. The conclusions of this area of work are not yet sufficiently
developed to allow the formulation of normative policies regarding technical
change and the role of technology in international competition. Certainly, we
do not imply that a simple policy of increased investment in innovation
and R & D will lead directly to higher rates of economic growth.
There are clearly many other factors at work whose importance
we do not seek to downplay. However, the arguments in support of an
important causal link between those factors are persuasive, particularly
if the evidence on the role of technical change as a determinant of
international competitiveness is considered.
In this case, there are two sorts of interaction to make note of.
The first centres on the relationship between the export competitiveness
of manufactured goods and embodied technical change. Recent research
carried out at the Science Policy Research Unit has established a
strong positive correlation between the two factors. Using patents
registered in the US as proxies for the level of innovative activities
taking place within a country Soete (1980), Pavitt and Soete (1981),
have shown that there is a clear relationship between patent share (in
the US) and world market share for manufactured exports. Figure II
and Table IV sumrnarise the results of this work. Figure II plots
patents registered in the US by Sweden, Italy, France, the UK and
West Germany against their shares of manufactured exports for 5 years
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- 1899, 1913, 1937, 1965 and 1975. As can be seen, the relationship is
revealed rather strikingly. Table IV shows the results of a more rigourous
test of this relationship. For 40 industries, exports per head for all
OECD countries (except Iceland, New Zealand and the US) were regressed
against patents registered in the US between 1963 and 1976. The grouping
shows strong correlation for capital goods industries experiencing high
rates of technical change, and less significant results for consumer
and intermediate goods where technical change is less dynamic and based
on diffusion of innovations originating in the capital goods sector.
Although there are methodological issues that arise in relation to this
type of analysis (which are dealt with extensively in the original
papers) the results and supporting analyses suggest that the degree
of international competitiveness is strongly based on technical change
and hence on the amount and quality of innovative effort by a country's
fi rms.
INSERT FIGURE II AND TABLE IV
The second relationship we would like to highlight rests on the
"technology gap" based explanations for the high rates of productivity
improvement and economic growth that occurred in Europe and Japan in
the 1950s and 1960s (Soete, 198la). In these arguments, the
existence of a technology gap between Europe/Japan and the US in the
early l950s, spurred governments and firms in the former countries to
embark on a sustained effort to close the gap (for fear of their
domestic industry being swamped by US strength built up during the
war (Soete,l9Blb, Maddison, 1979). Sizeable investments in R & D and
importation of technology (with extensive public sector support)
succeeded in improving labour productivity to such an extent that in many
sectors the "gap" was narrowed down considerably or even disappeared
by the late 1960s (except in sectors such as electronics which
in the US received considerable public support as well during this period).
As the gap closed, rates of productivity growth slowed as most of
the countries approached the technological frontier achieved by leading
US firms (Gomulka, 1971; Cornwall, 1977; Pavitt and Soete, 1981).
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At this point, several other developments began to impinge
upon the established pattern of international competition between
the OECD countries. Firstly, the general downturn in overall rates
of growth obviously served to greatly heighten the degree of competition
between established competitors to maintain (or increase) their
share of a more slowly growing pie. Moreover, convergence in the
levels of technological sophistication attained by the AIC5 meant that
there were more firms and countries capable of entering the market on
price grounds alone. Finally, pressure began also to be perceived, if
not really exerted, from the newly industrialising countries vis a vis
their exports of manufactures at the bottom end of the scale of
technological sophistication.
The combined effect of these developments has been to foster conditions
of more intense technological competition between the OECD countries
than had existed before (Soete, 1981b). This phase of international
competition is expected to continue throughout the 1980s, at least.
It has two important characteristics. Firstly, slow growth and depressed
demand has placed a premium upon cost-reducing innovations particularly
in the capital goods industry as a means of servicing end-user demands
for rationalisation investments - as opposed to expansion or
replacement investment. To succeed as exporters and to maintain a
domestic market share under these conditions implies the need to have
a national capability to produce these sorts of innovations - both at the
"high" and "low" ends of the market (OECD, 1980).
Secondly, competition in the consumer goods and engineering
products industry is increasingly based on a combination of price!
quality/performance factors rather than just the price factor. This
pattern of demand is likely to prove most suitable to suppliers who have
a product innovation capability that goes beyond simple product
differentiation and can incorporate new features (and new products)
without substantially increasing unit prices. The evidence for this
trend is obvious for the wide range of new and improved consumer
products, where the use of microelectronics has improved and expanded
13
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performance capabilities to such an extent that these have completely super-
ceded products based on earlier technologies. In engineering goods,
research into the unit value characteristics of AIC engineering exports
has demonstrated the importance of having a product innovation capability
to be a successful exporter. The poor performance of the UK and the
excellent export record of West Germany in the engineering sector
has been linked directly to the latters ability to upgrade quality
via substantive technical changes rather than relying as the UK has
done on price alone (Saunders 1978, Rothwell and Zegveld, 1981).
It is significant that both of these trends have gained
strength during the advent of microelectronics and as the implications
of this technology began to be grasped by both private industry and
government policy makers in the AICs. It appears to us that these
trends are likely to be closely interlinked in the future and we
believe that taken together, they are particularly important indicators
of the changed nature of the international competitive environment that
will be faced by LDC exporters in the l980s. Success in this environment
will increasingly be based on technological factors - of which the ability
to innovate with ricroe1ectronics will be an important one. This interface as we
shall see is already the objective of public and private sector policies.
Moreover, although in both cases the evidence supporting these tendencies
is as yet more prevalent for products and processes with a higher degree
of sophistication and complexity, evidence which we explore below
suggests that they will become increasingly important in those product
categories where LDCs have traditionally relied upon labour cost
differentials for their comparative advantage.
Adjustment Policies in the AICs: The Context for Innovation
The arguments presented above regarding the importance of
innovation and technical change both as a motor of economic growth and
as a source of international competitiveness have direct implications
for AIC government policies in the 1980s. It has been argued in a
number of contexts that there is now a clearly defined need for these
countries to commit more resources to stimulate technical change and
diffusion (see Freeman, 1978, as a good example). These measures
can both help their economies to break out of the current recessionary
cycle, and perhaps more importantly from the point of view of individual
governments could be a key element in maintaining international
competitiveness and reaping the resultant domestic benefits in terms
of employment generation and balance of payments contribution.
In laying stress upon the link between innovation, economic
growth and international competitiveness within the AICs we are
nevertheless aware of the obvious limitation in implying that there are
single factor explanations for any development in any economy. The
factors making for industrial "success" within the AICs are
many and varied - culture, educational levels, historical precedent,
government policies, entrepreneurial attitudes, the organisation
of production in the private sector, etc. There is likely to be no
single key to success or cause of failure. Innovation, or lack of it,
is only one of these, albeit as we have tried to argue, an increasingly
important factor.
Likewise there is also a very wide spectrum of industrial
policies have been tried by all the AICs trying to deal
with the complexities of stimulating their economies to make
the necessary adjustments to the new economic conditions
which have emerged over the last decade. Measures specifically concerned
with innovation - themselves a broad category - are really only one
subset of this larger group which are briefly listed below.
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For analytical purposes the wide variety of industrial adjustment
policies adopted by the AICs can be classified in many ways. However
defined, the range of policies adopted usually include the following:
- measures based on adjusting the available supply of capital
resources e.g. start-up loans and loan guarantees, tax
incentives, differential investment allowances;
policies dealing with labour market adjustment, e.g.
unemployment and redundancy pay, various training and
retraining schemes, support to enhance the geographical
mobility of workers, employers compensation, etc.
action taken in relation to trade-related problems e.g.
various export promotion schemes, support for overseas
visits of businessman, commercial protectionist policies,*
support for establishment of subsidiaries overseas etc.
policies to support sectoral restructuring and development;
e.g. support for firm level rationalisation measures,
credits for equipment purchases, procurement arrangements,
special consultancy services, sectoral reorganisation, special
measures to improve competition, etc.
finally there is support for innovative activities and
technological development; e.g. direct and indirect support
for R & D in public and private sector, product development
assistance, programmes to aid diffusion of innovations, promotion
of university - industry cooperation, procurement policies, etc.
* Traditionally, commercial trade policy was normally excluded from
consideration as an industrial policy but the distinction is hardly
recognised (or recognisable) any longer.
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In addition, these policies can be combined in different packages
and have often been given a regional slant in order to help
a particularly hard hit part of the country (e.g. the Yorkshire
textile industry) or to promote the concentration of fast growing
industries in one location. Small and medium sized business have
also often come in for special support under these schemes because of
the professed belief in their importance in innovation and employment
creation (NEDC, 1981).
We do not wish to dwell too long here on the specifics of the policies
followed by individual AIC governments as these have been covered in
detail elsewhere. (See Renshaw, 1981; and UtiIDO, 198la). However,
these recent reviews do point up a number of features which are ir!]portant
for our interests and which we surrnarise briefly below.
One clear fact which emerges is that the relative importance or
emphasis that AIC governments have given to innovation policies has
varied widely since the war - even given the dominance of the "technology
gap catching up" mentality mentioned earlier. This suggests that
despite the evidence presented earlier on the relationship between
R & C and innovation and economic performance there is a real danger
in assuming that government innovation policies of the last decade have
(a) had the effects intended by their drafters, and (b) that these
policies were in some sense more or less important than other industrial
policies. Difficulty in equating the use of a particular policy with
a specific identifiable outcome is a problem which plagues not only the
evaluation (and hence design) of innovation policies but applies
equally across the board to the whole area of industrial adjustment
policies. Recent analyses of AIC adjustment policies (including support
for innovation) have found it fiendishly difficult to come up with any
generalisable conclusions regarding the impact of these policies.
(de Bandt, 1981; UNIDO, l98la; OECD, 1979).
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The difficulties inherent in making any sort of cause and effect
analysis are borne out by discussions in the literature of the impact
of so-called positive and negative policies of adjustment. These point
out that within the wide range of policies used it is relatively easy
to make a clear distinction between the two extremes of positive and
negative adjustment - positive policies are those where the aim of the
measures is to facilitate adjustment by providing information, advice
and training to managers and workers as well as stimulating the development
of new activities and new products through support for R & D, marketing,
etc. Negative policies on the other hand are those measures which enable
non-competitive activities to be kept in existence through the provision
of trade protection, and employment and operating subsidies.
(de Brandt, 1981).
However, there is unfortunately a wide grey area between the two
extremes in which the policy measures which are adapted are likely to
be positive and/or negative according to the circumstances surrounding the
specific case and "there may even be a difference in this respect between
intentions and the actual results1' (de Brandt, 1981, p.114). The
reasons for thi lie in the inevitable gap between the a priori
theoretical justification for intervention and the practical inclinations
which inevitably dominate policy making the face of real and immediate
problems. All of the AIC countries are ostensibly committed in principle
to the notion of free trade and non-intervention. There are, however,
important philosophical differences between them regarding the degree
to which they rely on this principle to guide their interventions.
Unfortunately, there is little decisive empirically documented guidance as
to whether more intervention has been better in any objective sense than less
intervention. For instance the Federal Republic of Germany, Europe's most success-
ful economy, is notable for its generally limited governmental desire to inter-
vene. When this does occur it usually Only takes place with a view towards
facilitating rather than opposing the working of market forces. France, on the other
hand, which is also a "successful" European country has adopted a much more
centralised approach that has strong "planning" elements particularly
in relation to influencing conditions and activities within major sectors
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and companies. Other countries in Europe combine different sets of
intervention philosophies and packages of policies with both good and
bad economic performances; with England having the dubious
distinction of enjoying a government of staunch free market philosophers,
while at the same time having the most extensive degree of state
involvement in Europe, and yet, the country is arguably one of the weakest
AIC economies.
Faced with this combination of non-sequitoral successes and
failures it is firstly,easy to endorse the view that historical structural
factors have played a vastly important role in determining the performance
of individual AICs in the 1970s. And secondly, one suspects that
pragmatism (with more than a slight nod to political expediency) has
been a much stronger motivation factor underlying the actions of
AIC policy makers than theoretical justification. This view is stongly
confirmed by the failure of most governments to justify the (theoretically)
contradictory aspects of their policies; particularly as we shall see
in the area of protection. Not surprisingly perhaps
there is a strong consensus that by and large AIC adjustment policies
have not had the overall beneficial effects that were intended - at best
they have facilitated improvements where the underlying conditions were
already leading to favourable developments and at worst may have increased
the overall negative effect of a deteriorating situation. (de Bandt, 1981).
This degree of equivacy (and even agnosticism) on the part of the
analysts involved may no doubt reflect the complex reality which their
analyses reveal - if so then this certainly poses real problems for AIC
policy makers trying to determine a set of guidelines for intervention based on
past experience. This particular problem is not our concern in this paper.
Unfortunately the..i.rnpasse also poses difficulties for anyone trying to unravel the
implications of AIC adjustment policies for the Third World. This is partly because
of the very real complexities involved. However, the lack of any clear analytical
framework onto which subsequent analyses can build is also due to the fact
that the initial restructuring analyses have been undertaken without
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recourse to a specific enough set of criteria about what constitutes a success
unless one adopts a purely Paretian viewpoint of the world economy - which we
do not what constitutes failure from the point of view of the Third World. Never-
the less, even though the overall impact of adujstment policies on the AICs is
difficult to ascertain, it is in fact possible to point both to emerging trends
and to some very specific examples of policy intervention which have had or will
have direct effect on DCs - regardless of their effect within the overall context
of the former countries.
As already noted, we believe that the innovation policies currently
being followed by the AICs are one of the elements likely to be an
important variable facing DC policy makers. There are a number of reasons
for this which we explore below. However, before discussing what we
see as some of the important developments in this area, we need to
redefine the concept of innovation policies slightly. As noted above,
innovation policies per se are considered to be only one subset of AIC
industrial adjustment policies. In fact, many elements which fall under
the other policy headings described above can be used to facilitate
the process of innovation within the firm, sector or economy. Training
and education schemes are clearly crucial, as ai-e specific sectoral
support programmes which can include both a geographical element and
a firm size component. Government backed capital contributions have
become increasingly essential to the establishment of large scale R & D
units or productive entities whose activities or output in turn stimulate
innovative activities downstream in other sectors. Likewise many other
aspects of government policy such as regulations regarding the environment
or trade, fiscal and monetary policies can have direct or indirect
effects in the process of innovation. Obviously these linkages are
present between all areas of adjustment policy; however, we believe their
interconnectedness in the area of innovation is particu}arly important to
grasp when discussing the issues from a DC perspective. Hence we have in mind
the effect of this whole complex of direct and indirect measures when we
discuss the trends and impact of AIC innovation policies.
**
Innovation Policies in the AICs: Emerging Trends
We have singled out innovation policies for emphasis because we believe
that some important shifts are taking place in both the orientation and
nature of the measures being implemented and in the overall context in
which this is taking place.
We have noted the rising tide of voices putting the case for a greater degree
of more generalised government support for innovation within the AICs. The
study by the OECD (1981) for instance makes the case in the most emphatic terms
for the OECD countries. In addition to this sort of °advisory" literature
there does seem to be some evidence that governments are themselves taking steps
in this direction. Rothwell and Zegveld (1981) in reviewing a number of
recent DC government Commissioned reports on innovation also show clearly
the significant degree of unanimity in the proposals and analyses governments
are receiving on this point. The studies evaluated by Rothwell and Zegveld
were all part of ongoing reviews of innovation policies by the governments
involved.* While we cannot be certain that all the recomendations made will
be implemented it is at least arguable that they will be accorded serious
attention in the processes of policy formulation that follow. Tables V,
Va and VI surnarise Rothwell and Zegveld's assessment of the principle
features of these reports. These authors do criticise certain aspects of these
studies because of what they view as their misplaced emphasis on some aspects
of innovation policy vis a vis others. However, the nature of these reports and the
trends cited above do constitute important evidence of an emerging tendency
towards increased emphasis and support for innovation measures by AIC governments.**
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* Canada: Forging the Links: A Technology Policy for Canada, Science Council
of Canada, Report 29, Ontario, February 1979.
Japan: The Role of Technology in the Change of Industrial Structure (abstract)
Industrial Research Institute, Japan, April 1978
The Netherlands: Summary of the Government White Paper on Innovation, Science
Policy Information Department, The Hague, 1979
Sweden: Technical Capability and Industrial Competence: A Comparative Study on
Sweden's Future Competitiveness, IVA Royal Swedish Academy of
Engineering Sciences, Stockholm, June 1979
United Kingdom: (1) Industrial Innovation, Advisory Council for Applied
Research and Development (ACARD), London, 1978. (2) Technological
Change: Threats and Opportunities for the United Kingdom, ACARD
London, December 1979
United States: (1) The US Domestic Policy Review on Industrial Innovation,
(interim report), May 1979. (2) Advisory Committee on Industrial
Innovation, Final Report, United States Department of Commerce,
Washington, September 1979. (3) The President's Industrial
Innovation Initiatives (fact sheet), Washington, October 1979
There is inevitably likely to be some debate over whether these steps are enough
or are effective at all relative to what is required - this debate is of little
interest here since we are concerned with the implications of the overall
trends for the Third World.
INSERT TABLES V AND VI
In addition to this a priori evidence of support for more emphasis
on innovation measures, there also appears to be actual movement in this
direction on the part of the governments themselves. More importantly,
there has been a significant shift in the focus and in the mode of
application of policy instruments.
In general terms this shift has tended to be towards the increased sectoral
use of specific interventions. In the early part of the decade, the tendency
towards sector specific policies was established primarily in relation to the use
of"negative" adjustment assistance. This trend reinforced by the industry crises
resulting from the 1974-76 recession, although there was apparently a
brief move towards broader "horizontal" measures which would in principle
be available to all industries. (NEDO, 1981).
However, since 1977-78 there has been a shift back towards sector
specific assistance for problem industries. More importantly a
greater degree of selectivity is also currently being applied in the
use of positive adjustment policy wherein the innovation component in
these policies is reckoned to be receiving much more emphasis (NEDO, 1981).
At the same time, as we discuss below, the application of innovation
policies has started to become more specific and well-defined. Both
of these tendencies have suggested a shift in the use of adjustment
policies in a 'package' form which could, certeris paribus, enhance the
prospects for an improved rate of innovation and technical change
within the domestic economy. One of our principal reasons for arguing
this point is the particular nature of the shift in focus mentioned above.
This shift has seen government support for innovation increasingly being
concentrated on major growth sectors which now seem to be dominated by
"generic" technologies rather than traditional product areas (NEDO, l981).*
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* This shift is perhaps not surprising given the amount of attention
recently devoted to the likely impacts of these technologies. Certainly,
the importance of these technologies has been mentioned by every one
of the adjustment studies reviewed for this paper even if they do seem
to underestimate the significance of the changes which have already taken
place. See de Brandt, 1981; UNIDO, 1981a and b; OECD, 1981, Renshaw, 1981
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Hence the increasing amount of government support for activities associated
with the so called new technologies in the areas of microelectronics,
bio-technology, energy and communications. As we shall discuss below,
these technologies, particularly microelectronics, not only involve
significant areas of innovative and productive activities in their own
right but are equally certain to be a major stimuli to innovation in.
downstream industrial activities and an important factor in the international
competitiveness of the innovating firm or country.
As a result of the focus on these areas of future growth, the
application of government innovation policies has become much more selective
while at the same time taking on a sectoral character which is much wider
than had previously been the case. Hence almost all governments now
have a variety of programmes designed to enhance the spread of new
technology-related innovatiorthroughout industry* - most of these
are related to microelectronics and communication technologies but
support for new energy technologies and for bio-technology is also increasing
rapidly. (See, Hoffman, 1982 on the latter technologies.)
There has also been a tendency (noted by both de Bandt (1981) and
NE1s (1981 ) review of European industrial policy) for governments to
use measures set up within a "horizontal" framework to promote the
use of new technologies in a wide range of industries - these
include particularly support for R & D subsidised loans for equipment
purchase and public procurement policies. In addition there have also
been moves toward a more selective use of longer standing programmes in
the areas of manpower and training prograimiies, investment support and
regional assistance with the same objectives.
* The UK, in 1978 established the microprocessor application scheme under
which $110 m was made available for training programmes, industrial
consultancies in microelectronic application, and application R & D -
this programe has recently been increased substantially and new
elements introduced such as specific support for the use of CAD
systems in industry. (See, Hoffman and Miles, 1981 for details of
other UK programes. The second phases of ERG's Data Processing
Programme had a similar but more ambitious focus. See Grant and Shaw
1979), while France's Information de la Societe programme also had
provisions for application of diffusion support. See EEC, 1981 for
details of these programmes.
SECTION III JOINT INTERACTIONS AT THE SECTORAL LEVEL
In the above comments we have highlighted the emerging tendency
of AIC governments to provide greater and more focussed support for
domestic innovation. The significance of such efforts for our analysis
does not lie solely with the explicit effects of these policies alone
on DCs - though there are some that are both immediate and obvious. More
important is the fact that these are taking place within an overall
context characterised by concurrent developments in other areas. We
have already mentioned some of these - the general increase in government
awareness of the relationship between technical change and economic
growth; the pursuit of deflationary policies to reduce demand; the
role of the current recession in building up pressures on firms to cut
costs and to make "rationalisation" type investments; and the shift
towards a higher degree of technological competition in international
trade in manufactures. We believe these developments, which we have discussed
in fairly aggregate terms, will enhance the potential impact of AIC
innovation policies and technical change in the restructuring process.
Yet, at the same time these tendsa1-so contribute in a general sense to
an international economic environment which is distinctly less favourable
to DC industrialisation efforts than earlier periods, particularly
if these effors are aimed at achiewirg export-led growth.
This can perhaps be seen more clearly if we turn our attention to
some of the more specific factors which emerge out of this context
and which have more direct and obvious implications for DC5. Again
we have already highlighted some of these the effect of radical technical
advances in the areas of microelectronics, bio-technology, etc. the
emergence of highly protectionist trade regimes in the AICs; the
"restructuring" response of international firms to the current crisis,
and so on. Given this confluence of factors, it would clearly be a
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mistake to isolate our particular concern with AIC innovation policies
too far away from the overall context provided by these other elements.
Though analytically convenient, this is unrealistic in policy terms since
DC policy makers will have to respond to the totality of conditions
defined by the joint interaction of all these factors. Hence they
need to be able to assess how and why the joint interaction takes place.
In the discussion that follows we try to highlight how this joint
interaction is actually taking place in practice to try and shed some
light on the multifaceted nature of the problems that the emerging trends
in technical change and AIC innovation policy pose for DC policy makers.
We will do this by referring to developments related specifically to
the "new" technologies of microelectronics and bio-technology.
We have chosen to draw examples from these areas for two reasons.
Firstly, apart from the fact that both areas have been the subject
of recent research by the author, we feel that a closer look at these
technologies presenisa particularly good opportunity to illuminate many
of the issues we have been discussing so far. Secondly, we believe
that the new technologies, particularly microelectronics, are destined
to play a major role in shaping the future structure of the world
economy and in determining the relative roles of different countries
within this. While this notion is certainly acknowledged by the
restructuring debate we believe it would be a positive contribution to
)bring the issues more to the forefront since these technologies could
conceivably change many of the "rules of the game" on which the debate
has been conducted so far.
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Technical Change and Structural Shifts in the Microelectronics Sector
Of these new technologies, microelectronics has so far had the
greatest impact and attracted the most attention. All of the
elements mentioned above are present - rapid technical change,
massive and direct government intervention, the potential for a
significant impact on the international division of labour through the
actions of international firms, Nfacilitating* government policies in
trade and other areas, etc. While these elements no doubt co-exist in
other sectors, their combined presence within electronics is significant
because of the acknowledged importance of the sector in the future.
It is by now a common observation that microelectronics is destined to
play a major role in the world economy because of its potential to
effect far reaching changes in the commodities that societies consume
and in the underlying production processes. (See Nora and Minc, 1978;
Forrester, 1981).
Rapid technical change has lead to substantial improvements in the
range of functions that can now be performed electronically and to a
continual and dramatic reduction in costs per function. These developments
have already resulted in a phenomenal expansion in the use of electronic
products and both trends are expected to continue and even accelerate. As
a result most observers expect that the greatly increased demand for
microelectronic devices will lead the electronics industry to become
one of the most significant in the world during the next decade as shown
by Table VII.
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* For instance, sales of computer aided design systems increased at a
compound rate of 85% between 1976 and 1980 (Kaplinsky, 1982).
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Table VII World Electronics Production
(current US $ Billion)
1965 1970 1975 1977 1981 1985 1991
Actual Estimate
38 58 84 108 l50_368* 230_560* 845*
Source: World Bank, 1980
* Mackintosh, 1980
Taking the lower figures for 1980-85, the table suggests a real
rate of growth of between 8-10% a year - a rate which is far greater
than most other sectors but which is regularly surpassed by sub-sectors
of the electronics industry.* To provide a context, the current annual
world output of steel is valued at about US $230 billion - the electronics
industry already easily surpasses this and is expected to overtake the
automobile industry as the world's largest to become "the main pole around
which the productive structures of the advanced industrial societies will
be reorganised." (OECD, 1979).
Developments in semi-conductors lie at the heart of the electronics
industry. It is widely acknowledged that the evolution of the semi-
conductor industry has been continually associated with government
intervention by AICs. Indeed the presence or not of intervention
has been directly linked with the relative degrees of success or failure
of the industry in the OECD countries. (Dosi, 1981).* In the US
government through the military and space programe involvement in
research financing and semi-conductor procurement deeply affected
both the supply and demand characteristics of the semi-conductor
industry. Particularly in the early stages of the industry, these
programmes were decisive in determining the direction of technical change,
in allowing the private sector to count on the planned expansion of
demand necessary to achieve scale economies, and by stimulating a vast
accumulation of knowledge and expertise in the private sector. All of
these elements, plus the normal workings of a highly competitive market
helped give US industry a firm base for its early dominance and for the
technological leadership it still enjoys in major product areas.
In addition to its support for R & D, etc., the US government also
facilitated early industry moves towards assembly in LDC's** by the
passing of offshore tariff provisions, 806.30 and 807.00 in the US
* Much of the discussion in this section on the role of government
intervention in electronics is based on the work of G. Dosi currently
with the Science Policy Research Unit, see Dosi, 1981.
** By 1971, 43 US electronics firms had established "off-shore assembly
activities in South East Asia and Mexico. The pressure of competition
combined with the advantages of cheap labour and government incentives
resulted in a continued mad rush so that by 1974 "all the major West-
European and Japanese firms had set up such plants in South East Asia"
(Parthasarathi, 1978). In Mexico alone, 168 branches of electronics
firms were located in the border areas by the end of 1973 (Minian 1978).
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Tariff Law of 1972.* As we shall discuss below, the involvement
of certain LDCs in the international division of labour in electronics
as a result of the existence of off shore tariff provision has important
implications for their capacity to respond to the structural changes
predicted for this industry in the 1980s. While these provisions obviously
do not fall directly under the heading of innovation policy there was
a significant interaction at work. It is clear that the early international
division of labour in the industry was essential to achieving the optimal
economies of scale (and hence unit cost reductions) that were possible
with the process technology in use at that time. This in turn allowed the
industry to gain valuable learning experience, access to rarkets, and a
substantial return on investment - all of which were necessary to allow
the industry to advance to the next stage of technological development
which includes automated assembly.
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* Under these provisions, import duties are imposed only upon foreign
value-added when domestic materials are sent abroad for further processing
and then reimported. In the early 1970s imports of electronics
demonstrated particularly impressive rates of growth under these
tariff provisions, increasing from 10% of all imports under 806.30 and
807.00 in 1965 to 26% in 1974.
Within this group, imports of semi-conductors and other components
grew exceptionally fast both as a percentage of total imports under
these clauses (from 3.3% in 1966 to 13% in 1977) but also as a
percentage of total US imports of these products. Already by 1969,
imports of electronic memories under item 807.00 accounted for 98%
of all imports of these products, semi-conductors and parts accounted
for 96%, and television receivers and parts took up over 75% of total
imports. By 1974, total value of imports of these products into the US
had grown quite dramatically from $49.8 million to $961.3 million.
(Parthasarathi (1978)). Similar rates of growth of DC imports under
offshore assembly provisions are reported for the Federal Republic of
Germany and the Netherlands, where between 1966 and 1972 the annual
import growth rate figures were 36% and 39% respectively. (Finger,
1975, cited in ESCAP, 1979).
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Government intervention in Japan was as extensive as in the US
but followed a very different pattern since there was no involvement of
the military in direct support for the electronics industry. The policies
of MIII, the principal government agency involved, can be seen to be
directly responsible for creating the conditions which have allowed
Japanese firms to close the post-war technological "gap" with the US
and to rapidly increase their share of the world market for various
electronic devices. The government's industrial trade policies
concentrated on setting technological targets,providing support for
R & 0, regulating foreign investment, and close monitoring of the use
of licensed technology to ensure diffusion, and import controls.
Moreover MIII has continually exhibited a remarkable capacity to collaborate
with the private sector and to integrate their aims with those of
the state. This climate allowed the private sector to pursue a well
planned campaign to achieve technological parity plus aggressive
marketing to maximise market penetration. (Dosi, 1981; OECD, 1980).
In the case of Europe, the history of government intervention also
differs significantly from both the US and Japan. Here military involvement
was very much lower and government intervention took place, until recently,
on a less comprehensive scale and in a more ad hoc fashion. There were
examples of extensive government support for R & D in particular parts
of the industry in the 1960s and early 1970s (such as computers in the UK)
but these rarely focussed on the semi-conductor sector. Nor were they
at a high enough level or sustained over a long enough period to provide
the necessary cushion for the private sector to achieve parity with the
US. Hence there does appear to be a strong link between the relatively
weaker overall position of the European electronics industry and the lack
of government intervention - although obviously other factors are
involved (see particularly Dosi 1981 on this point).
Perhaps more relevant to our interests is that European governments
have since the mid 1970s, showed a renewed comitment to support the
development of their electronics industry particularly as regards semi-
conductors but also across a much broader spectrum of products and
components. There are obvious reasons for the government's desire to
involve themselves in the sector that are perhpas more obvious now
than previously. Capturing a share of the lucrative and substantial
world market for electronics products is no doubt important, but there are
others. Perhaps nost importantly there has been shown to be a clear
link between the existance of a national capability in semi-conductor
manufacture (including R & D and innovation) and the successful use of
the technology in down stream industrial application. Drawing on the work
of the Science Policy Research Unit in this area Dosi (1981) has
argued that
"the greater the geographical and economic distance between
producers and end-users, the greater the difficulties in the
free flow of knowledge, technician, scientists and
technical information essential to the perception of new
technical possibilities in downstream industries."
(Dosi, 1981, p.20)
(See also Sciberras (1980), Sciberras, Swords-Isherwood and Senker (1978),
MacLean and Rush (1978)
Clearly most European governments have accepted this argument.
Table VIII shows that since 1975, 3 out of 4 major European countries
have significantly increased their allocation of public money to support
both semi-conductors and other sub sectors. Germany's allocation has
dropped somewhat but this probably reflects the generally stronger presence
of the private sector notablySieniens in the worldwide industry. In Europe
Government participation has taken a variety of forms - from the
establishment in the UK of a public enterprise (INMOS), for producing very
large scale integrated circuits (VLSI) in direct conipetition with established
producers in the US and Japan, to the support of joint ventures and
mergers by the French (i4atra/Harris and St. Goblain/PM/National Semi
Conductors), UK (ICL and Fujitsu) and other governments; to a' wide
array of support programmes for the diffusion of microelectronics related
products and processes in industry, commerce and for domestic uses (See
EEC, 1981). For instance the UK has increased the amount
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* One effect of possible significance for DC5 is that there will be
a tremendous call on the existing pool of US skills (software and
hardware) to meet the military's requirements. The resulting gap in
the commercial sector will exacerbate the already shortage ridden
situation leading quite probably to massive attempts on th.e part of
US firms to attract foreign "talent" - much of which is expected to
come from the NICs. (Electronics, 1980).
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of public expenditure on information technology (excluding support for research
establishments and public purchasing) by £30 rn in the last 10 months
alone to a level that is over twice the amount spent last year
(Hoffman and Miles 1981).
INSERT TABLE VIII
This shift towards more government support for electronics can
also be detected in Japan and the US - though for different reasons.
In 1979, Japan announced a major, publicly supported effort to further
develop VLSI technology in the private sector. This project calls for
a total expenditure of $360 m on R & D ($250 m direct government support)
between 1979-1982 and follows on from an expenditure of 30 billion yen
by the government during 1976-7979 for the same purpose. Since
the Japanese have largely caught up with the Americans in many areas,
this plan is a clear sign of a national intention to capture an even
greater share of the future market for VLSI devices which are expected to
replace LSI technology over the next decade. (Rosenberg and
Steinmiller (1980).
The American government, for its part, has rejected recent requests
from the industry for tax breaks on investment and trade barriers against
Japanese imports. However, it does intend through the Department of
Defense to spend some $190 billion within the US electronics industries
over the next four years in a massive attempt to improve military
technology (Connolly, 1981). This represents a significant increase
over past years and is bound to influence the future development in funding
of the coniiiercial industry in many ways* since the military will want
to be deeply involved in the setting of R & 0 and production priorities in
order to ensure that it gets what it wants from the private sector.
In addition to the above military related programmes, various
government agencies have been instrumentally involved in the further
development of CAD/CAM technology and in achieving a standardised
software language - which it is hoped will become the standard in the
industry worldwide (with significant benefits accruing to the US industry
through the sale of 0packaged systems) (see Kaplinsky, 1982).
We cannot here provide an assessment of the relative effectiveness
of past DC government intervention in the electronics industry.
However, there is a growing literature which suggests that whatever
happened in the past, most AIC governments now recognise the cruical
need to establish an efficient, technologically sophisticated electronics
sector in order to secure a place in the emerging international
microelectronics-based oligopoly which will dominate most of the major
industrial sectors. (Dosi, 1981; Mackintosh, 1980; OECD, 1980).
The returns to achieving effective participation in this oligopoly are
enormous - both for companies and countries - and as we have argued
extend far beyond the sale of electronics produced.
Hence, as governments and companies scramble to establish a
competitive position in the cluster of inter-related industries called
by the French, filiere microelectronique
(semi-conductors, computers, peripherals, components, control systems,
consumer electronics and information technologies) a number of
be significant for DC5 - some of which will be distinctly different from
earlier periods. The trend towards sectoral concentration and firm level
vertical integration in the major product lines will continue. The
industry is already among the most concentrated in the world with no more
than 6-10 firms accounting for the large majority of output in every
major product line. (See Bessant, 1981; Bessant, Brawn and Mosely, 1980;
Mackintosh, 1980; ETIU, 1979 for details). There are 3 elements in
this trend which are worthy of note. The first, which has already mostly
taken place, was the acquisition of semi-conductor producers by large
established companies in other sectors. The wave of takeovers was quite
dramatic, particularly between 1975 and 1979 when some 14 firms, many
of whom were original innovators, were acquired by firms from Japan, Holland,
Canada, UK and ERG. Secondly, a significant part of this
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takeover process has been the upward integration of established electronics-
related companies in to semi-conductor production. (See Dosi, 1981 and Kaplinsky
1981, for examples). Thirdly, there has been a downstream expansion of semi-
conductor firms into areas of application. This trend towards vertical and
horizontal integration can be expected to continue and will increasingly feature
both domestic and international ciergers and joint ventures between
AIC based companies.
Among the remaining competitors, there is now a much greater potential
for bruising conflict and competition in the international market place.
(Kaplinsky, 1982). Past struggles have resulted in significant changes
in the character of the industry - the semi-conductor price wars in 1970-71
established American pre-eminance in the field, driving all but 5 European
producers out of the mass market (where they were replaced in Europe by
subsidiaries of US firms) and forcing them to operate at a loss in
order to maintain their market position throughout the 1970s (Dosi,
1981). Now that the Europeans have recovered some of their strength
('based at least partly on the takeovers listed above and government support
mentioned earlier) and with the Japanese constantly increasing their
market share and seemingly poised for an expansion of production operations
into Europe, the stage seems set for another period of struggle among the
titanics of the industry.
The a priori implication of these developments in the worldwide
electronics industry for DCs are difficult to specify precisely at
the present time. Through their control over technology and by virtue
of shee size, established firms will be able to erect formidable barriers
to entry for DCs hoping to break into the international markets for
electronics products. These barriers may be overcome to a limited extent
by NICs who already have an established technological capacity and are
farsighted enough to already be implementing an electronics strategy
based on exploiting very product specific comparative advantages..* (See
Cable and Clarke, 1981).
At the same time, given the need for AIC producers to penetrate new
markets to achieve scale economies, there may be fierce competition in DC
markets for contracts to install telecomunication equipmenl information systems,
etc.** If skillfully exploited this situation of oligopolistic competition
could allow the host country to achieve highly favourable terms. However,
this is likely to be a difficult task for many OCs who lack the sort of
sophisticated bargaining skills necessary to strike successful deals in high
technology areas. Moreover, there are well established precedents of collusion
between TNCs in other sectors as regards "competition" for contracts in DCs,
such as was revealed by Newfarrner (1979) study of the heavy electrical equipment
industry. This must at least be considered a possibility, particularly since
many of the same firms mentioned by Newfarmer are involved in electronics and
telecommunications. Nevertheless, there is as yet little evidence that such a
trend is developing - so for the moment we can assume that competition rather
than collusion will guide the actions of firms in DC markets.
Underlying both the moves toward integration and the emergence of fierce
competition is the motor of technical change in process technology. This has
led to rapidly rising fixed capital costs and the subsequent need to achieve
even greater economies of scale through the use of increasingly automated
production techniques. This trend could mean very major changes in an industry now
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* The Republic of Korea's planned expansion of its traditional electronics
activities in the area of consumer electronics and component manufacture to
achieve production valued at $4.7b and $3.Ob worth of exports attest to their
existing capabilities. Their future plans are to expand into semi-conductor
manufacture via massive multi-million dollar investments in the Korean Institute
of Electronics Technologies and through sophisticated joint ventures with
foreign firms. This will allow them to custom produce ICs, pcbs and a variety
of other process inputs as well as enhance its competitive position in areas
such as consumer applications, small digital systems including micro and mini-
computers and advanced colour TVs. The capabilities developed through these
investments while not being "leading edge" should nevertheless ensure the
Republic's continued strength in this area.
The Singapore Government has taken the decision to upgrade its software
capabilities with an eye towards transferring itself into a regional software
centre, with established international software houses operating in and sub-
contracting to Singapore. To achieve this an extensive programme of education
is being undertaken to develop the necessary skills. A generous programme of
tax incentives to encourage Singaporean and foreign firms to expand their
software activities is also being implemented.
** For some 13 NICS and nearly NICs Parthasarthi (1978) has shown that tele-
communication equipment accounted for between 10 and 75% of total electronic
imports in 1975. Between 1972-1980, the Asian countries alone planned
investments of some $10 billion in the sector. These rates of expenditure
are expected to continue well into the 1980s and l990s.
36
characterised by an international division of labour in which exploitation of
the cheap labour of the Third World has been an essential feature. In very
simple terms, the logical extension of these trends is that the whole
production cycle will now be located within the domestic economy of the
AICs.
This is a very real possibility as regards the production of semi-
conductors but may also become increasingly characteristic of other
electronics products. The pace of development of automated assembly
and automatic testing equipment in the semi-conductors sector is very
rapid. As these are the only stages of the production process still
located in off-shore assembly plants in DCs the implications are obvious.
The same imperatives which lead the electronics industry to relocate
part of its operations in low wage countries will in our opinion lead
these firms to repatriate that production just as quickly once the
technology is perfected and the trend established. (Hoffman and Rush,
1980). Unpublished research by Juan Rada of CEI shows that semi-conductor
firms have located all of their new investment in IC production facilities
within the OECD countries since the late l970s. The following quote by
the Group General Manager of ITT Semi Conductors shows the thinking of
the industry was already oriented in this direction in the late 1970s.
"A typical semiconductor company with a turnover of $200 million!
year must expect today an annual price decrease factor of
approximately $30 million, necessitating corresponding
manufacturing cost reductions of $40 million. These cost
reductions must result from increased mechanisation, higher
yields and increased volume. A review of the relative
advantages of increased mechanisation versus off-shore
assembly comes down firmly in favour of the former, permitting
closer customer contact, elimination of logistics problems,
upgrading of local or national technology. ... the successful
semi-conductor manufacturer must have complete production
cycle in one manufacturing location." (Rada, 1980)
Similar technical developments are taking place in the technology
for the assembly of final products such as TVs, radios, and home
entertainment centres. The use of microelectronics has led to dramatic
product changes, of which the most important has been the reduction of
the number of components - in TVs the number has dropped from 1200 to
400 in a (standard) set (Sciberras, 1979). This, in turn, has
facilitated the development of automatic insertion equipment which has
the potential to perform assembly activities now performed manually
(Senker, 1979).
Some automatic insertion is already being carried out by AIC based
firms. There are however great differences in the extent to which the
various firms are using automatic insertion and in the amount of R & D
efforts now committed towards achieving full automation. Japanese firms
are the furthest advanced in both areas reflecting the emphasis of their
competitive strategy on reliability, efficiency and quality. All Japanese
firms producing TV5 adopt automatic insertion for component assembly -
which accounts for over 75% of components inserted on printed circuit
boards as well as automated testing procedures. US and European firms
lag behind the use and development of automatic insertion for consumer
electronics and appear content for the moment to continue to manually
assemble in low wage countries (Sciberras, 1979).
However, automatic insertion is expected to become a major determinant
of international competitiyeness in the 1980s, and given the past performance
of the industry in rapid adoption of innovations, these technqiues should
rapidly diffuse among firms in the industry. To be sure this is unlikely
to lead in the short to medium term of complete cessation of DC assembly
by TNCs no matter how extensively they may use automated equipment. For
the tirlie being the international market is growing quickly enough to
accommodate products where DC assembly will retain its comparative
advantage for exports to AICs. Growing domestic markets in the larger
DCs will also encourage the international firms to maintain some production
capabilities. However, in those sectors where DC exports are substantially
controlled either directly or indirectly by international firms, the
host economy must become increasingly susceptible to decisions by TNCs
to pull out, change or down grade their product mix and/or reduce any
innovative activities that might take place - these decisions will be
increasingly influenced by the economic advantages afforded by automation.
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* Computer aided design/computer aided manufacturing.
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This is not to say of course that the growing indigenous comparative
advantage of some NICs in a wide variety of electronics products will
necessarily be eroded. Certainly, these few countries - Hong Kong,
Singapore, Taiwan, South Korea, and possibly Brazil - should be able to
continue their success largely because of the technological base built
up through collaboration with TNC5. No doubt these countries will
continue to co-opt and account for an even larger share of Third World
exports in this sector in the future. The real problems lie in wait
for those other developing countries who have hopes that
the expansion of recent TNC assembly into their economies (see UNIDO,
1981) will continue and will benefit their industrialisation efforts.
This is unlikely. Even though the trend towards re-location of TNC
electronics assembly inside AICs will take time to develop it seems
inevitable. In the interim, it is unlikely that the TNCs who may have
recently opened up assembly facilities in non-AIC free trade zones, would
be willing to effect any real transfer of technology or stimulate linkages
with local input suppliers on anything like the scale that took place in the
NICs. As a result these countries will undoubtedly be able to maintain an
export capability in later more standard electronics products which do not
rely on leading edge IC technology. (Cable afid Clark, 1981). Moreover,
they will certainly benefit from any government supported efforts to build
up an indigenous electronics capability to serve domestic requirements. However,
the current oreinetation and the nature of the driving force behind international
competition in the electronics sector will probably dictate that the sector is
unlikely to provide the same level of timtilu for export-led industrialisation
in these countries as it didin, the ICs - a trend which certainly has
important policy implications that will be explored in the final section.
Industrial Applications of Microelectronics
The size and evolving structure of the electronics sector clearly
makes it a crucial element in the restructuring process and in the future
development plans of some DCs. However, the downstream application of
microelectronics industry is expected to have equal if not more profound
effects in a wider range of countries. The rapid pace of change in the
performance and cost characteristics of microelectronic devices has begun
to be matched in the related areas of CAD/CAM*, robotics and sensing technology.
This has lead to a high degree of concern in some quarters over the
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nature and scale of the potential impact of microelectronics related
innovations (MRIs). Certainly in those areas where the use of micro-
electronics is most advanced the concern is well founded - the rate and
type of change in product and process technology has been particularly
striking, as have been the resultant improvements in productivity. (See Bessant,
Braun and Mosely, 1900; MacLean and Rush, 1979; ETLJI, 1979, Forrester, 1981).
Debate and speculation relating to these developments has often
centered at the national level over the potential labour displacement effects
of MRIs and, internationally, over the effect on a country's competitiveness
of a failure to introduce MRIs quickly enough. (See Hines and Searle, 1979).
Two factors are important both to the resolution
of the debate mentioned above and in determining the nature and scale
of the impact of MRIs. The first is the capacity of a national economy
to absorb labour displaced by the introduction of MRIs either in other
sectors or through the joI creating effects of output expansion that
may arise precisely from the successful use of MRIs. These countervailing
responses were largely responsible for eliminating earlier fears of
massive job losses which were voiced in the 60's. While many
observers continue to believe that a similar set of responses will
take hold in relation to MRIs (Central Policy Review Staff, 1978) there
are others who are less sanguine about the prospects and their forecast
of long term structural unemployment have technical change as a
principal determinant.
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The second factor is the rate at which MRIs diffuse both nationally
and internationally. Clearly, rapid diffusion of MRIs (and the accompanying
changes in employment levels, industry structure, and comparative
advantage) will have a different set of adjustment policy implications
when compared with a slow rate of diffusion. This point is particularly
relevant to developing countries since their ability to make effective
adjustment to changing international economic conditions will depend
at least in part on the rate at which these changes take place.
Obviously many factors will influence the behaviour of the above
parameters. One of these, of course, is government intervention in the
diffusion process. While the levels of AIC government involvement in
stimulating diffusion has been less than in relation to the electronics
sector per se, they have nevertheless been significant, and are almost
certain to rise substantially in the near future. We have
already discussed at some length the general shift towards more government
support for diffusion. (See Table VIII ). One specific example is
the recently announced UK programme to invest £6 m in promoting th.e
diffusion of CAD systems in industry (Large 1981). (See EEC, 1981;
Hoffman and Miles, 1981; for other examples). Again the same caveats
as before apply about the specific effect of government intervention on
the rate of diffusion of NRIs in AICs. Nevertheless, there seems little doubt
that despite the retarding effect of the current recession on demand there
are growing signs that the rate of diffusion of process and product MRIs
has continued to grow - from what is still, despite all the speculation,
only a relatively small base. (See OECD, 1981; Hoffman and
Rush , 1982). Under these conditions, government support unless badly
misdirected can only enhance the rate of diffusion.
The significance for DCs of developments related to the use of MRIs
in AICs has now been raised in a number of contexts (see Kaplinsky,
1981; UNIDO, 1981; Hoffman and Rush, 1980). Clearly there
are many facits to the potential effects of MRIs on DCs - these
relate to trade, employment, technological capabilities and skill
availability, etc. While we must be careful about over-emphasising
the potential effects - particularly on the poorer agriculturally oriented
DCs - there can be little doubt that the issues raised by the diffusion
of MRIs strike at the heart of the restructuring debate and its concerns
with the changing pattern of DC manufactured exports and the creation
of new, dynamic growth oriented industries in the AICs.
41
One of the principle concerns in both areas has been the likely
impact of the widespread use of MRIs in AIC5 on DC comparative advantage
in both traditional and non-traditional manufactured exports. In this
case the fear is that the introduction of MRIs by AIC firms will eliminate
many of the cost advantages currently enjoyed by DCs, leading thereby to
a decline in their comparative advantage and calling a halt to the international
division of labour which has so far benefited a few DCs. Although
empirical evidence relating to this argument is still relatively rare,
results are beginning to become available which both confirm and
contradict 'this hypothesis and its underlying assumptions. Obviously
given the very wide range of products and processes which DCs have begun
to build up a capacity to compete internationally the issue of changing
comparative advantage is not a straightforward one. Nevertheless we
believe it is at least indicative of the nature of the changes
being wrought by microelectronics that the studies reviewed below cover
a broad range of products, processes and competitive conditions.
Kaplinsky's (1982) work for UNIDO on the impact of CAD on the
international division of labour relates to the "leading edge" of MRIs
and reveals a number of important developments. FIrstly, he shows
that CAD systems confer a package of benefits to the user firms which
make them an optimal choice of the technique, in both developed countries
and in some NICs.* Second, a high rate of diffusion is expected in
certain (high technology) sectors where DCs are hoping to specialise
in the future and in which they have already enjoyed considerable export
success - electrical machinery, electronic components such as printed
circuit boards, office equipment, machinery, shipbuilding, etc.
Thirdly, given the productivity enhancing effects of the technology
(average around +3:1 in the firms interviewed), the use of CAD systems
is expected to be an essential factor in allowing firms to remain
internationally competitive not only in these sectors but in any sector
where design and engineering skills are significant. Hence, in addition
* The concept of a package of benefits is important. Much discussion
of the impact of MRIs relates solely to effects on labour productivity.
In fact all of the studies reviewed show that improved labour productivity
is only one aspect of the benefits accruing to efficient MRI users -
others relate to material and time saving, reduction in working capital,
and systems level benefits which are much more difficult to measure.
to posing problems for the continued DC export success in the factors
mentioned above,their recent well publicised achievements in winning
international contracts, civil engineering works and process plant
design andengineering (Lall, 1979), may well be short lived if Third World
firms do not introduce the technology. Finally,
despite the fact that it does apparently make economic sense for many
DC firms to use CAD, the diffusion to the Third World has been disturbingly
limited to date - out of the 6000 units which Kaplinksy was able to
identify only 32 have been sold in developing countries. Such a low
figure can obviously be explained. Nevertheless, the low level of
utilisation and the other results do have important implications for the
future policy of some DCs if they wish to continue to pursue export
oriented industrialisation strategies.
Jacobssons (1980) work on the effect of microelectronics on the machine
tool sector has also revealed a potential erosion in the still nascent
DC comparative advantage in certain categories of machine production. The
conclusions of this study are relevant not only to machine tools but to
all machinery sectors in which the DCs, particularly the NICs have
recently enjoyed rapid improvements in their export growth rate. He
has looked at the capacity of certain DCs - namely Argentina, Brazil,
Taiwan and South Korea to use and produce numerically controlled machine
tools, particularly lathes. He shows clearly that the introduction of
mciroelectronics - particularly related to the development of
computer numerical control systems - has and will continue to have a
significant impact not only on the technology on this itself but on the
structure of the sector as well. One of these effects is that a very
high degree of oligopolistic concentration has emerged in the production of
less flexible, dedicated machine tool systems.* Here 3 firms, one
Japanese, one German and one American through their technological leadership
and due to scale related barriers to entry dominate the market to such an
extent that the potential for any DC5 to develop a significant share of the
demand in AICs is very limited indeed. Secondly, the nature and level
of benefits conferred by the use of CNC machine tools are such as to
make conventional electro-mechanically controlled machines technically
and economically inefficient. This means for instance in the particular
case of DC firms already exporting machinery will lose their
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comparative advantage in the AICs unless they can switch to producing
CNC lathes.
This is a switch which few firms now have the technical competence to
make - (perhaps a few in Taiwan and one in Brazil). More to the point
given the continuing rapid pace of technical change and the need to
achieve scale economies in production this switch will be even more
difficult for DC firms to make in the future. Although a sizeable market
for conventional lathes obviously still exists within the DCs themselves,
two factors militate against local firms being able to easily rely on
this captive demand for much longer to build up their machine building
capacities to the point where they can begin to design and produce CNC
machinery. First, there is already a marked increase in demand for CNC
machine tools in some NICs which is growing both in absolute terms and
relative to total consumption of all machine tools. This is shown by
Tables IV and X. This means that rate of growth of the local market
for conventional machines is probably diminishing.* Secondly, there are
signs that foreign suppliers, particularly Japanese may be ready to begin
local production of machine tools for the South American market on a
sizeable scale which could conceivably pose a threat to local producers
(just as it does to European and American producers).**
INSERT TABLES IX AND X
It is still far too early to assess whether or not these developments
pose an insurmountable barrier to the capacity of some DC5 to produce
CNC machine tools for export. Certainly one would expect that some firms
in the more advanced NIC5 will be able to find a niche in the
market for a particular type of special purpose lathe and exploit it.
This possibility is confirmed by Jacobsson. But this is clearly not
likely to be an automatic step for all DC machine tool firms - many do
not have the capabilities to make the move nor are thysupported by the
* The shift in demand towards CNC lathes obviously has other implications -
the efficient use of these systems might help some firms to maintain
their competitive position in the machinery production for export. A
priori however, there is little one can say about the net effects of CNC
lathes without further empirical information.
** In 1980, imported Japanese machines already accounted for 50% of US market
NC lathes, 35% in the FRG and over 50% in France. The possibility that
local production may be set up is a matter of major concern to their
OECD partners (Done, 1982).
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right sort of goverruilent policy vis a vis foreign investment and/or
capital goods imports. Obviously we cannot easily extend the analogy to other
categories of Third World machinery export. But nevertheless, the potential
implications are clear - microelectronic based technical change in the
machinery sector of AICs may pose a threat to the continued growth of DC
machinery exports to AICs, particularly if we leave out the top few NIC5
(out of the sample) unless they develop an innovative capabilitiy based on
the use of microelectronic devices.*
Finally, recent research by the author into the impact of MRIs on the
clothing sector has also shown that there is a significant potential
threat to some elements of traditional DC comparative advantage in this
major export category (Hoffman and Rush, 1982). The pace of mechanisation
in the clothing industry has been very slow for a variety of technical and
structural reasons. The principle technical obstacle to mechanisation
in the assembly phase of garment production has been the handling
characteristics of the fabrics used. 80% of the sewing period is
actually spent in fabric manipulation - picking up the pieces to be sewn,
manoeuvering them into place under the needle, guiding them during the actual
stitching movement, and then removing the completed item in this sector.
"Limp" fabric is much more difficult to manipulate into position than a
rigid material such as metal or plastic. In addition, fabric handling
characteristics differ dramatically between different types of material
meaning that any mechanised system must be able to handle all of these
characteristics.
It is this factor, plus the degree of handling involved which has so
far defeated numerous attempts to mechanise garment assembly. Efforts to
overcome these technical obstacles have not been helped by the industry's
reticence to devote on average less than .05% of sales towards R & 0 on
equipment. In the face of these technical problems, the extremely low wages
of assembly workers in the industry have allowed manufacturers to continue
to substitute labour for capital to a much greater extent than is found in other
industries.
* Once again we need to insert some important qualifications. Though DCs
are exporting machinery to AICs, a majority of exports go to other, particularly
neighbouring DCs (Lall, 1979; OECD, 1979). This suggests the existence
of a competitive but "appropriate" machine building capacity which may provide
a valuable outlet for DC machinery export should AIC markets become more
difficult to penetrate.
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Due to the slow rate of technical change in the past there are only marginal
differences in the use of techniques between DCs and AICs. Given this situation,
the cost advantage of low wage producers in the DCs will remain a dominant
factor determining the international division of labour for the next few
years at least. However, a number of variables in the equation and their
relationship to each other are beginning to change substantially. One
of these is technical change and is largely due to the slow but inexorable
advance of microelectronics through the industry.
MRIs are now being introduced at every stage of the manufacturing
process, albeit still in small numbers relative to the size of the industry
(Hoffman and Rush, 1982). The number of capital goods manufacturers of
microelectronics-based equipment has risen dramatically over the past
few years from 4 to over 30. A number of the new capital goods firms
in fact have a background in electronics rather than the mechanical
engineering focus of traditional producers.
The most significant innovations have been introduced into the pre-
assembly phase which includes design, resting, pattern placement and
cutting. These activities, traditionally highly skilled and largely
manual have now been replaced by the use of state of the art CAD and CNC
technology. The cost of these systems ranges upward from $300,000 -
quite a change for an industry used to spending only hundreds of dollars
for its capital goods in the past. The use of the technology has
completely altered the nature of the activities carried out at this
stage and require systematic changes in the organisation of production to
capture the full benefits of the innovation.
In the assembly phase, the scale of change has not been nearly as
great as described above. Here the sewing machine, operated by a single
worker remains the main production tool. For the most part, the MRIs
in use at present could be termed incremental innovations (Hoffman and Rush, 1980).
Some of these are first generation innovations - where what were
previously electromechanical control systems attached to and guiding the
sewing machine have now been replaced by dedicated microprocessor based
systems. The electronic capacities of these systems are relatively
crude compared to the advances evident in other sectors, but nevertheless
their increasingly widespread acceptance represents an important first
step for an industry which is notoriously conservative.
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Taken together these innovations in the pre-assembly and assembly
stage confer significant benefits in the areas of material saving,
increased labour productivity, reduced turnaround time and working capital
requirements and certain other systems - level improvements. Their use
by AIC manufacturers has led in one or two cases, to the domestic
production of garments which previously would have been carried out in a
low wage economy. To be sure this does not represent a major shift in
comparative advantage in favour of the AICs across the board the lower
unit production costs in the DCs still favour them in many products.
However, in our opinion, these developments are clearly the harbinger
of a trend in certain sub sectors of the garment industry which could
become more dominant in the absence of any counterveiling responses by the DCs.
Technical change in the garment industry is taking place in the context
of developments in other areas which will be important determinants of the
rate of diffusion of MRIs and the impact of these on developing countries.
A brief look at some of these factors will illuminate the related arguments
made at the beginning of this section.
The first of these is an increasing interest by AIC governments in supporting
basic R & 0 work to overcome some of the major technical difficulties that
stand in the way of achieving a greater degree of mechanisation and capital
intensity. The US, EEC and Japan have all recently begun to provide (varying
degrees) of support for this work. As yet the amounts being invested are
not great though there are indications that support will be increased substantially
in the near future. These measures do represent an important shif in the
government approach to this sector which had previously not involved a
substantial commitment to support R & 0.
The second development is that the clothing industry is undergoing
fundamental structural changes both within AICs and in the international
structure of the industry. Traditionally, the industry has been highly
disaggregated with a very large number of small to medium sized firms and only
a relatively few large firms.* This is all changing as a rapid process of
concentration and agglomeration takes place. The large bulk
* The overall average size of firms is much smaller than is normal in manufacturing
industries. Firms of 50 workers or less dominate certain parts of the industry,
while over 200 workers is considered to be a large firm.
of medium sized firms are disappearing or being taken over by larger
firms. For instance in the US the number of firms declined from 22,000
to 14,000 between 1972 and 1977 a number expected to be less than
10,000 by 1985. Industry observers confidently predict that within 10
years the dominant structural characteristics of the industry will be
oligopolistic competition between few very large, vertically integrated
firms operating at an international level and numerous very small firms
able to respond quickly to the rapid changes in fashion characteristic
of part of the industry's products. The significance of this concentration
is that the larger firms will be in a much better position to be able to
(a) afford the considerably more costly process innovation which are
likely to become available in the future and (b) have the resources,
expertise and longer term view necessary to support the large amount of
basic R & D still required to achieve technical breakthroughs.
The third development has actually been evident for some time -
a continual rise in the average levels ofprotection and trade regulation
measures adopted by a number of AICs. Despite the
successive rounds of trade liberalisation organised under the auspices
of GAIT over the last 20 years, individual importing AICs, have continually
had recourse to "special case" clauses which have permitted these
countries to effectively discriminate against particularly problematic
categories of DC imports.
In textiles and garments, these measures began to be applied in
ernest in 1962 when the first LTA was negotiated. Since 1973, internal
economic pressures within the AICs have lead to renewed pressures to
again increase tariff and non-tariff barriers. These culminated in the
passage of a revised MFA agreement in 1976 which had an immediate and
drastic effect on the rate of growth of DC exports of textiles and
garments. Some DCs, particularly the top 3 NICs - have managed to
increase the unit value of their exports to AICs since 1976. However,
more importantly there has been very little overall growth in the volume
of Third World exports - in 1977 there was no increase in volume, in
1978 volume increased only by 8%, and in the 1979-81 period growth increases
in volume again slipped back to near zero. (Keesing and Wolf, 1980).
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Overall, the Third World share of (very slowly growing) world trade in
garments has remained stationary at 37% since 1977. The much heralded
increase in Third World clothing exports has been brought to nearly
a screeching halt since 1977.
These reductions in growth rates have largely been due to the
retarding effect of the second MFA and the bilateral agreements negotiated
subsequently between AICs and major exports. In addition to
reducing the growth of Third World exports, the trade barriers have
introduced other distortions into the system. During the latter
half of the 1970s it is true that new DC exporters emerged, frequently increasing
their exports of particular garments at a phenomenal rate.* However,
by and large these new and cheap sources of supply were brought into
the international division of labour as a direct result of tariff and
quota jumping activities by international firms or by a few large
enterprises in the big three. The direct benefits to the host DCs
involved in this (still) relatively small amount of managed trade must
inevitably be very small since transfer pricing is frequently involved.
More important, it is not at all clear that the leading NIC exporters,
South Korea, Singapore and Hong Kong, who together account for some 75%
of all Third World clothing exports, will easily relinquish their dominant
position in the markets which have changed little since 1977. All these
countries have recently announced plans to upgrade and expand their
clothing production capacity and although they locally support the efforts
of their poorer colleagues there is no sign that they are prepared to
step aside and make room for the newcomers. (Hoffman and Rush, 1982).
*
For instance Indonesia increased its exports of jeans to the UK from
only a few 1000 pairs in 1977 to over a million in 1981.
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These developments offer little solace tonon-NIC DCs who are
still counting on a rapid expansion of clothing and textile exports to
provide an impetus to the industrialization plans - playing much the
same role they fulfilled during the earlier industrialisation phase
of the NICs. The "success" of the second MFA (which expires at the end
of 1981) combined with the continuing competitive strengths of the NICs
has meant that many countries are still waiting for this take-off to
take place.
Prospects for the future could hardly be less encouraging. The
EEC which rapidly emerged as the major growth market for DC clothing
exports in the 1970s has approached the ongoing MFA renewal negotiations
from a seemingly intranscient protectionist position. Hence the
outcome of these vital negotiatiOns is still in the balance - though
some observers believe that the Group B proposals for a third MFA are
little better than no agreement at all.
Certainly there is precious little room in any imaginable compromise
under the current stale mate which holds out the prospects of a
guaranteed steady increase in the share of AIC clothing imports going
to the poorer DC exporters.
Two features stand out about past and current attempts to increase
the level of protection accorded to MG domestic garment producers.
First, AIC producers have long argued that the precipitous decline in the
fortunes of their industry (particularly employment losses) has been
largely due to the pressure of cheap imports from low wage countries.
However, a number of studies have now shown that
although import penetration is quite high in some specific products in
certain countries, the demise of large portions of the clothing industry
has been due to improvements in labour productivity, competition from
other AICs and the international subcontracting activities of domestic
firms. (Shepherd, 1980; Field, 1976; Cable, 1979). A typical example can
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be drawn from Cable (1979) which shows that although West Germany did
experience a high rate of growth of DC imports these had only a negligible
impact on labour displacement. For the period 1962-1975 the numbers and
causes of job loss are as follows:
Table XI Jobs Lost in West German Clothing Industry 1962-1975
The example shows that the imposition of the MFA and other restrictive
measures have had little or no empirical justification. To be sure,
there are certainly grounds for arguing that the existing pool of DC
exports should be shared out more equally - thereby giving the poorer
countries some of the growth opportunities previously denied them.
However, the manner in which protection is currently being administered
(and the EECs proposals for the future) leave little scope for this to
be accomplished.
Secondly, it is important to note that the long and painful struggle
over the regulation of clothing and textile exports has taken place in
the very first sector where developing countries have begun to establish
an independent competitive base of any substance. The difficulties
encountered so far are a disturbing precedent for the restructuring
process particularly if this is meant to be a process whereby the AICs
are expected to relinquish their dominant role in an increasing number
of sectors to an increasing number of developing countries. Future prospects
for the smooth conduct of restructuring negotiations are all the more
worrying since it is clear that what Helleiner terms the new
wave of industrial protection is, as we shall see, being increasingly
extended to a much wider range of sectors such as footwear, transport
equipment, steel, household appliances and many others (Helleiner 1979).
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Reasons for Job Displacement Numbers
Improvements in Labour Productivity 6,500,000
Growth of all Imports 1,200,000
Growth of Imports from DCs 133,000
Source: Cable (1979)
This discussion of various aspects of the impact of MRIs has tried
to bring out the relationship between technical change, AIC innovation
policy and the other contextual elements mentioned earlier. Before
concluding the section w.e would like to briefly discuss another much
more explicit example of how these elements can combine to pose direct
and immediate problems for DC policy makers of a different sort to those
discussed above.
Technical change and innovation policies for renewable energy technologies:
A direct assault on the third world
A decade of rising prices and growing awareness of the scarcity of
conventional fossil fuels has generated a massive surge of interest
worldwide in the potential of renewable sources of energy to help solve
the energy crisis. Though the level of R & D and manufacturing activity
in the sector is still small relative to the conventional energy sector,
it is already substantial and growing rapidly since these sources are
expected to provide a major part of energy supply in the future
restructured world economy. Moreover, as with electronics the coalition
of elements we have been stressing so far are all present in current
efforts to develop suitable renewable energy-based conversion and transmission
systems: rapid technical change, substantial government support for
innovation and diffusion, extensive involvement of large international
firms; and perhaps unlike the electronics example these activities have
an immediate and direct relevance for the Third World.*
Developing countries hold out great hopes for the use of renewable
energy technologies (RETs). This is because the configuration of
characteristics usually attributed to RETs match well with their resource
endowments and energy needs - particularly in the rural areas. The
* This section draws extensively on research by the author. See Hoffman,
1980 and Hoffman, 1982 for a more detailed discussion.
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energy sources - direct sunlight, biomass, wind, water, etc. are available
in great abundance and the required conversion systems are potentially
inexpensive, relatively small-scale, and simple to construct, operate
and maintain. Hence, a great deal of momentum is building up for DCs
and international agencies to commit large scale resources to the development
and introduction of RETs. One sign of the future importance of this
area is the effort and attention shown by many countries to the recent
UN conference on New and Renewable sources of Energy held in Nairobi
in August 1981.
AICs also see great potential in RETs. However, since the technologies
are still in their early stages of development, a great deal of investment
in R & 0 is still rquired to bring the system close to comercial
fruition within the AIC context. Hence public sector investments in R & 0
and diffusion already massively dwarf similar efforts in the Third World.
Table X gives details of government investments in RET R, 0 & 0
in 1979 for 17 countries and the EEC. This support has been increasing
rapidly over the last five years. Table XI shows the average rate of
increase in RET R & D spending between 1978-79 for all 17 countries
covered by the International Energy Agency.
INSERT TABLE XII AND TABLE XIII
While it is unlikely that AIC public sector support for R, D and 0
will continue to rise at such high rates in the future - particularly as
the base totals get bigger - there is a widespread expectation that private
sector spending will expand to take over that role. This is a trend
which is certainly developing in some segments of the sector. The
long term objective of these public sector activities is to promote
the domestic use of RETs on a major scale in order to lessen dependence on
conventional fuels. Central to their strategies is the development of a
viable private sector to manufacture and stimulate demand within the
domestic economy and the development of a viable private sector industry
capable of providing the necessary systems and back up support.
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At the moment, however, relative prices do not yet favour the widespread
use of RETs within AICs. Hence a very high element of risk is involved
which in the absence of government intervention would lead to sub-optimal
investment by the private sector and since the investment of time and
resources necessary to achieve certain technical breakthroughs and bring
the systems to comercial viability is still considerable. One way
AIC governments are reducing this risk is to provide financial support
for R & D and other development related activities within the private
sector. Consequently, much of the money allocated by government (as
shown in Table X ) goes to private sector initiatives. (See Hoffman,
1902 for details).
Another means of reducing risk is to cultivate overseas export
markets. There is a near uniform opinion on the part of AIC agencies
that the DCs already offer one of the largest markets for RET exports,
particularly in the rural areas where the isolated population have to
depend on expensive energy sources with which some RETs are already
competitive. The early exploitation of DC markets is considered to be
an essential stage in the expansion of the domestic industry, allowing
it to accumulate experience, build up capacity, and reduce prices in
order to open up the longer term but more sizeable markets within the
AICs. This strategy is enshrined in virtually every policy statement emanating
from the public sector in the AICs and the EEC. (SeeHoffman, 1982).
To this end AICs, particularly the US, France and W. Germany, have
mounted a variety of programmes designed to promote exports to DCs which
include export subsidieis, bilateral aid initiatives, trade shows and
tours to generate orders, investment credits, etc.
The private sector in most AICs for its part has very quickly
seen the potential and taken advantage of government centres to build
up a quite significant R & D and manufacturing capability. Most
attention and investment has gone into the development and diffusion of
photovoltaics and industrial scale biomass to energy technologies.* Three
trends in private sector activity in these technologies are significant.
* Photovoltaic cells which need little maintenance and are extremely durable
convert sunlight directly into electrical energy. The cells, made from
the same material used in the production of integrated circuits are produced
in module form and can be combined to give output ranging from less than a
kilowatt to multi megawatts. Biornass-energy technologies involve the
conversion of almost any organic matter into a liquid of gaseous fuel which
can replace fossil fuels.
Firstly, in both sub-sectors, concentration is taking place very quickly
with large, well-established, international firms moving to establish
an R & D and manufacturing capacity which will allow them to
dominate both the national and international market in the future.
In photovoltaics, US firms dominate and among these almost all of
the small innovative companies which were instrumental in earlier
periods have succumbed to losses or to takeover bids from large energy
or electronics related companies such as Amoco, Exxon, ARGO, Gulf,
Mobil, Texas Instruments, Boeing, Motorala, Westinghouse and RCA.
In Europe and Japan, large international firms have always dominated:
Siemens, Lucas, CFP, ELF Acquitane, Phillips, Toshiba, Toyota, Mitsubishi,
Fuji Electric - and are in fierce competition with US firms for a share
of an annual world market which could be well into the billions of dollars
by the 1990s.
In biomass to energy technologies, international firms, many with
extensive Third World links, are also achieving dominance. These come
from a variety of sectors - Industrial Enzyme and Chemical producers
- (Bayer (ERG), Pfinzer (USA), Rohm and Haas (USA), Dow Chemical (USA)
W. R. Grace (USA); engineering firms - UHDE GmbH (ERG), W. G. Atkins (UK),
Constructors John Brown (UK), Lummus and Kellogs (USA); food and sugar
manufacturers - Tate and Lyle (UK), Bookar McConnell (UK), Grand Met
(UK); and most of the oil majors.
Secondly, these firms are themselves investing heavily in R & D
with an eye towards developing an innovative capability which will be
essential in maintaining their competitive position - a rough
guesstimate is that over the next 2-3 years the top 20 firms in the photo-
voltaics industry will invest in the region of $35O-400 m in R & D,
pilot production, and some expansion of existing capacity. In support
of these efforts the US government plans to spend about $1.5 billion
between 1979-1988 on various aspects of photovoltaics R, D and 0 in
the private sector; the French spent $21 m. in procurement and R & D
in 1979 - a figure expected to increase; and the West German government
spent some $34 m in 1980 alone. It is not possible to provide estimates
of private sector R & D in the biomass-energy area but anecdotal information
reported in Hoffman, 1982 shows that it too is significantly above the
$50 m per year level. Public sector support is smaller than in photovoltaics
but is also expected to grow rapidly.
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Thirdly, as mentioned above the rapid exploitation of Third World
markets is an essential part of the commercialisation strategies of
firms in both sectors, albeit with differing rationale. In
photovolatics, economies of scale are a crucial factor in achieving
the reduction in unit costs potentially attainable with current and
future cell fabrication technologies. The steady reduction in unit costs
are in turn essential to opening up a succession of ever larger markets -
with penetration of domestic and industrial AIC markets as the ultimate
objective. This process, similar to what occurred with semi-conductors,
is still in its early stages with sales of photovoltaic cells concentrated
in high cost specialised uses such as powering remote communications
networks. To achieve the next stage in cost reduction, larger quantities
need to be sold and DC markets are the prime candidates.* Exploitation
of these markets within the next 10 years is crucial if AIC producers
are to achieve the scale economies necessary for them to be competitive
(with the unit costs of conventionally supplied energy) in AIC markets
in the 1990s.
DC markets are appealing to biomass-energy firms for a different
reason. Rather than marketing the final product as is the case with
photovoltaics, AIC firms are keen to sell or license process technology -
for all the usual reasons well documented elsewhere. Generalised energy
problems, abundant raw material supplies and the success of Brazil** have
* The lack of effective purchasing power by the rural poor - who are
the primary target group to use photovoltaic systems does not seem
to yet bother the AIC producers. A dominant theme in the private
sector reasoning is that aid funds will be used initially to purchase
cells for use in rural areas with the country's themselves stepping
in later on with their own resources. This rationale has some major
flaws in it. (See Hoffman, 1982).
** Brazil has embarked on an ambitious and so far successful programme
to reduce its dependence on imported fossil fuel by converting sugar
cane and cassava to ethanol. Since 1975 the country has invested on
average $200 m a year to build over 200 ethanol refineries which
displaced about 20% of their petroleum requirements.
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already stimulated a good deal of interest on the part of many DCs -
thereby creating a ready market for AIC technology suppliers. AIC
producers, many of them still of great potential in the process of
developing a technological capability in this area, can learn a great
deal from constructing and operating what are in effect pilot plants
in developing countries. The possibility of using Third World sales
as learning vehicles is made all the more attractive if risk capital
is provided by the country itself or some other source of external
funds such as the World Bank (See World Bank, 1980). This is expected
to happen on an increasing scale as the World Bank and other agencies
have shown a strong willingness to support industrial scale bioniass-
energy projects.
***********
The developments outlined above highlight a number of issues
relevant to our interests. The fact that AIC firms are carrying out
extensive, publicly supported R & D commercialisation activities is not
per se a reason for concern. The concerted application of AIC know how
in the area would advance the technology very quickly - a priori this
can only be a positive development in welfare terms. The problems lie
rather with the degree of concentration of RET innovative activities
within private sector firms based in the AICs. This concetration, which
obviously parallels what is happening in electronics and other sectors,
means that the innovating firms are very well placed to effectively
appropriate much of the basic technical knowledge in the RET area.
(See Cooper and Hoffman, 1982 for a discussion of appropriation). In
addition, the firms are quickly expanding into the wide range of activities
necessary to successfully comercialise their innovations domestically
and internationally by developing applied capabilities to design and
engineer products to suit differing conditions, to manufacture RET-specific
capital goods to carry out the installation, operation and on site
maintenance and modification of the systems themselves, and finally to
undertake the marketing and distribution activities necessary to exploit
a growing market.
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Hence these firms are developing a set of technological capabilities
which will first establish their position as leading innovators and second,
leave them very well placed to usurp opportunities that open up in the
developing countries and elsewhere. Needless to say their position is
considerably enhanced by the fact they are extensively supported by
their own governments and because of all this activity is taking place
in a climate which favours the investment of resources in introducing
anyway RETs into developing countries.
The implication of these trends for developing countries are
fairly clear. A state of technological dependency is being created in
a sector of considerable importance in the future. DCs seeking to acquire
RETs would therefore face a situation with all of the characteristics
usually attendant in other sectors where they are technologically
dependent - the usual difficulties associated with inappropriate products
and processes, the short-run costs resulting from the extractiOn of
monopoly rents by supplier firms, the longer-term social cost
resulting from the denial of learning opportunities to local firms,
etc.
The important point in all of this from a policy point of view is
that as yet these trends are only beginning to develop. Hence there are
still significant opportunities for DCs to take steps to prevent the
trends becoming a structural reality. For some time yet DCs will be in
a strong bargaining position vis a vis their power over allowing access
to local markets. This could be used to ensure that technology
transfer takes place in such a way that the necessary technical skills
are accumulated under their control rather than those of the AIC firm.
This, plus the fact that the technology is still quite flexible, in turn
could lead to the development of more appropriate technical solutions
in the longer term. To achieve this there is a clear need for DCs
to formulate and implement a strategy vis a vis technology transfer
and innovation that takes account of how all the elements described
above interact with each other.
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While the conditions in this sector are clearly different from those
that exist in electronics or other sectors, they do underlie the more
general arguments being made about the role of technical change and
AIC innovation policies in the restructuring process, and the facilitating
effect of other factors in creating a new set of conditions that will have
to be faced by DC policy makers. In the final sections we move on to
consider the implication of these trends and new conditions for DC
industrialisation strategies in the future.
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SECTION 1V THIRD WORLD RESPONSES: SOME CONTEXTUAL CONSIDERATIONS
In the preceding discussion we have concentrated most of our attention
on various developments which have been taking place largely within the
advanced industrial economies. The general thrust of our argument has
been that as a result of these developments, developing countries face
an international economic and trading enviroment in the 1980s that is
very differeht from earlier periods. We have emphasised two factors
as being important determinants of these future conditions - the dismal
economic performance of the AICs in the 1970s (and their poor prospects
for the immediate future), and the increasingly important role of
technical change as a factor in international competition and in the
restructuring process.
Poor economic performance in the AICs has several implications for
Third World export oriented strategies. Due to the generally depressed
nature of demand and slow output growth, DCs can no longer rely on
gaining easy sccess to guaranteed markets in the AICs. Competition for
export markets will inevitably become more severe and the weaker
competitors, including many of the poorer DCs, will suffer accordingly.
Historically there have always been persistent pressures for tariff protection
against imports of low-cost traditional manufactures from DCs. These
problems have been exacerbated by rising unemployment in these sectors.
The structural nature of the current unemployment situation suggests that
it will be a problem for some time to come - and hence the resultant
protectionist pressures will also remain in place.
Moreover, as: a result of a more general trend of rising unemployment
and over capacity, these-pressures are also increasingly being directed
at DC exports from other non-traditional secors resulting in a sharp rise
in the use of non-tariff barriers (NTB's) to trade.* Though these NTB's
clearly pose a problem for these NICs who are now heavily dependent on
manufactured exports to sustain their high rate of growth it is the case
that the most distorting effect of this sort of protection often falls
on those poorer DCs who are least able to retaliate (Helleiner, 19 79).
The significance of the technical change factor in our argument
rests on two trends. Competitivenessin international markets for
products at all levels of complexity will be increasingly based on
technological factors. This trend will be enhanced by the diffusion
of microelectronics which may cause shifts in comparative advantage
against slow adopters and will also lead to changing patterns of
international investment. Previous DC export strategies based on low
wages and the accumulation of conventional technological capabilities
may be partly at risk. A new element in this is aggressive AlCinnovation
* UNIDO (1981) has emphasised the rising tide of neo-protectionist
measures in ise by AICs against DC exports of steel, chemicals and
engineering products. These measures are also being used against
imports of electonics products where some NICs have been able to build
up an internationally competitive technological capacity. The best
known recent example relates to the efforts of South Korean TV firms
to export to Western European and US markets. The Korean firms had
to acquire a license to produce TVs with the transmission system suitable
for use in Western Europe, Phased Alternating Line (PAL). They required
a license for marketing purposes and not to gain access to the technology
which they already had. However, they were unable to acquire the licenses
and were effectively excluded from the European market, because of the
Europeans' fear of competition. (Scibberas, 1979).
The only alternative was to actually produce in Europe, a strategy that
has been successfully followed by the Japanese. The South Korean firma
were unable to do this because they lack the "expertise, capital or market
share to enable production location in Europe to offset PAL license
constraints" (Sciberras, 1980). A.similar situation has been reported in
the US, to which South Korean firms attempted to promote TV exports and
were excluded, not by lack of access to licenses this time, but by tariff
barriers. Once again, as in the European case, the Japanese strategy
was to locate production the US. As a result of the South Korean firms
being unable to do this, their Korean based plants are currently operating
at only 21% of capacity (Hanson, 1979).
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policies designed to ensure their position in the emerging international
oligopoly based on the new technologies. Taken together these factors
will lead to increased concentration, new barriers to entry, greater
opportunities for collusion and equally costly bouts of comp.ttttzis
between national capital. (See Murray, 1972 for an early statement of
these arguneits).
The overall impact of these changes has been, in effect, to alter
the "rules of the game" that have so far determined the nature of the
international division of labour on which many developing countries have
been integrated into the world economy. For those countries who have not
already achieved a sufficiently high level of export diversification
and technological sophistication the capacity of the 70s strategies for
achieving export led growth in the future on the basis of low wages and
the accumulation of conventional electeo-mechanical/engineering capabilities
must now be placed in doubt. The escalator of rising export growth,
increasing value added, and favourable comparative advantage which a
number of DCs have been riding towards NIC status appears to be slowing
down dramatically. The steps at the bottom of the escalator are increasingly
crowded by those DCs who believe they can. take the same route a their
predecessors. Moreover, the motor of rising output growth in the
AICs no longer seems able to cope with the added
weight, while the AIC reception committee waiting at the top is certainly
not quite so keen to admit more members to their club.
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* For the NICs, these account for over 40% of manufactured exports
from South Korea, Taiwan, Hong Knng and Singapore, and over 20%
from Brazil, Argentina and Mexico. For the less industrialised
countries, the percentages are even more dramatic, accoJnting for
73% of manufacturing exports in Egypt, 79% in Pakistan, 52% in India,
97% in Bangladesh, 71%in Iran and 61% in Morocco (Kaplinsky, 1981).
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In order to be able to give a policy interpretation to this changed
perception of DC prospects we need first to explore in a little more
detail the nature of their peat efforts and the principal characteristics
of DC economic performance over the last 15 years or so. A number of
features stand out. The fiist is the rapid rate of increase in Third
World exports of manufactures. Their performance over the period between
1965-1977 has attracted the most attention. Overall, Third World exports
increased by around 26% during this time (Lall, 1979, .1980), with individual
countries recording even higher rates of growth. A number of countries
participated in this expansion - by 1975 over 40 DCs were able to export
manufactures valued at over $lOOm. Though exports of clothing, textiles
and leather goods were very dominant * DCs were able to move beyond a
reliance on traditional products and achieve quite sizeable increases
in their exports in other sectors, such as wood products, miscellaneous
manufactures, rubber, metal and non metallic mineral manufactures, iron
and steel, chemicals, transport equipment, non-electrical machinery and
paper products.
This performance is unquestionably a significant achievement -
particularly when it is balanced against some of the more pessimistic
forecasts found in the development literature of the early 1970s (Sunkel
1969; Little, Scitovsky and Scott, 1970). Even more significant is the
fact that only 12 countries * accounted for nearly 80% of total
manufactured exports from the Third World over this period.
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This unprecedented expansion of NIC exports ( and with it significant
increases in national income) has many aspects to it. The apparent success
of these relatively few countries in pursuit of an export-oriented
industrialisation strategy has led many to attempt to take similar steps -
often at the insistence of advisers in international institutions (See
Hughes, 1980).
The dominant presence of the NICs in Third World manufactured
eEports is mirrored in many other categories - share of value-added in
manufacturing, contribution of industry to GNP, diversity of the industf?ial
base and degree of backward linkages, and the level of technological
development, etc. (See OECD, 1980). While this pattern of extreme
concentration is undoubtedly a sign of success it is also a measure of
how relatively poorly the rest of the Third World is doing in their
industrialisation efforts - particularly if it is remembered that since
1977 the share of the NICs in all of these categories vis a vis the rest
of the DCs has rarely declined substantially (e.g. the example of
clothing export given earlier). Hence, the pattern suggests that the
NICs have achieved a level of economic strength and technological
development (and face a range of problems) th'tt not only are dramatically
different from that achieved by other DCs . This is partly because of the different
economic circumstances which pertained; and partly because the NICs enjoy a
different relationship to certain aspects of the world economy than that of other
DCs. It may be useful to highlight two aspects of these differences which we
feel will be crucial determinants of the response capacity of both NICs and non NICs.
The Role of Trananationals
One obvious difference in circumstances has already been mentioned -
the higher rates of growth enjoyed by the AICa until 1970. A particularly
important factor associated with this earlier period of growth and
accumulation was the rise of the transnational corporation and the global
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expansion of its activities. Developing countries, particularly the
NICs were initially brought into the world economy largely on the terms
dictated by international firms who were seeking, by and large, to minimise
global production costs by locating some or all the production phase
in areas characterised by low wages, favourable incentives, staility -
(i.e. strong central control and few workers rights) etc., extensive both
in aggregate terms (e.g. foreign firms now account for 46% of industrial sales
in Peru; 49% in Brazil, 31% in Argentina, etc) and,more importantly, in
respect of their dominance of specific sectors - particularly the most
dynamic and fastest growing areas of consumers and producer goods
(Newfarmer, 1980).
Although some observers have argued that there is insufficient
evidence to point conclusively to a correlation of TNC activities in
export-oriented sectors (Lall, 1979), there is data that indicates
that TNC participation is relatively high in those sectors that have
recently experienced the highest rates of export growth. Most notable
among these is the electronics sector where the combined value of exports
by wholly owned subsidiaries and Joint ventures was equal to 70% of total
electronics exports from South Korea (1975), 99% from Singapore (1975)
and over 90% from Argentina (1979) (Parthasarathi, 1978; ESCAP, 1979).
High concentrations are reported in engineering sectors as well. Lall
(1979 argues that TNCs contributed over 55% of engineering exports in
Brazil, Mexico and South Korea. Hence, in addition to acknowledging the
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impressive increase in manufactured exports front the NICs, we must
also recognise that this growth was extensively managed by AIC firms
and their affiliates in the NICs.
The evidence concerning the tendency for TNCs to be particularly
active in manufactured exports from the NICs is underlined by the role
played by international corporations in world trade in manufactured
products * (Helleiner (1977)). One estimate is that approximately one
third of world trade takes place between TNC parent firms, subsidiaries
and affiliates (Murray, 1979). Having such a significant share of world
trade, escaping the market, as it were, and being managed on an intra
firm basis by internationally based corporations clearly poses many
problems for both DC and AIC governments.
Many observers are quick to point out that the largest share of
DC manufactured exports - garments and textile - are sectors where TNCs
are notable by their absence. This is true as far as it goes - however
there are "compensating" factors that must also be acknowledged. Firstly,
exports of clothing and textiles, while mostly produced by independent
DC firms are very tightly tied to the actions of importers and retailers
based in the AICs who provide the means of gaining all important access
to the final consumer. The scale and nature of DC production (e.g. product
style, quantities, production schedule etc), is very heavily dictated by
these intermediaries who can, and do, shift their allegiance very rapidly
from one supplier to the other if the "price" is not right. Secondly,
as we showed above, a rising share of this trade is being "managed" by
TNCs with the assistance of off shore tariff provisions. Thirdly, the level
of concentration and the share of the market is increasing among these firms
who, in turn, operate the typical international package of overseas
affiliates in DCs with the typical implications for the hot country.
* Trade in primary commodities is subject to exceedingly high levels of
control by international corporations and their affiliates. The
proportion of US import of major primary commodities which are from
US TNC affiliates or related parties rarely falls below 70% and
frequently exceeds 90% (Helleiner, 1977).
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There are many facets to the debate over the net impact of foreign
control over manufacturing activities in developing countries which are
widely discussed elsewhere . Significant among these is the fact that
control of production unit by TNCs meansthat a substantial degree of
national control over economic decision making is instead transferred abroad
as a result - "host countries have lost important elements of control
over their economic destiny." (Newfarmer, 1981, p.13).
This loss of control and decision making by the national government
is obviously a real problem in light of our earlier emphasis on the changing
nature of international competition. TNCs take decisions on production,
location, new and expansive investment, market destination, product mix
etc. in response to global rather than national factors. If the conditions
which earlier led them to establish low value-added assembly-type operations
in DCs change significantly, as we suggest they may be doing, the host
country planners are left susceptible to the vagaries of TNC management
decisions. The potential costs of not being able to control or at least
influence these decisions is obviously compounded if the sectors at risk
are export-oriented and act as growth poles for the domestic economy.
Clearly the scale of any disruption that arises will vary greatly from
sector to sector and country to country (Newfarmer, 1980 gives many examples
of the exercise of TNC power in this regard) - with the poorer DCs being
commensurately more vulnerable - and at the sane time more dependent on
the actions of foreign firms. In view of the changes that are occurring
in the world economy, one can imagine any number of shifts in TNC strategy
which could substantially alter the capacity of NICs (and all DCs) to
continue with their present plans to build up (and maintain) an export
capability. Many of these actions - ranging from total relocation of
production facilities, rationalisation, down grading of the product mix
to less sophisticated products, a reduced degree of technology transfer
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and/or declining levels of technical change activities - have already
been taken by TNCs in response to changed conditions in the global
economy (See earlier discussion, and Rada, 1980; IJNIDO, 1979; Newfarnier
1979; Hoffman, 1980).
The policy problems in this situation lie not only in trying to
anticipate the nature of these decisions but also in devising effective
responses in order to minimize their effect. Beyond that is the clear
need for policy makers to take steps to reassert control - this however
is a difficult step to take particularly if the current activities of the
TNCs provide crucial foreign exchange earnings. Nevertheless, the degree
of long term uncertainties created by current TNC participation in export
sectors should not be overemphasised. These uncertainties can be reduced
by government action. However, responsibility for the fact that TNCs
enjoy such a dominant position in many national economies lies in the end
with the government. Either by choice or through mismanagement the short
term interests of many DC governments identified very closely with those
of their foreign guests. As has often been suggested, this is a
relationship which weakens the DCs bargaining position and reduces the flow
of benefits to the country as a whole without necessarily impoverishing
the groups in power. Hence, any improvement in the situation will, only
come through concerted action on the part of the government - a step
which many govenments have shown themselves unwilling or unable to take.
The Role of the Energy Factor
Perhaps the single most pervasive change in circumstances facing
non-NICs that was not present during the NICs early expansionary phase
is the new energy situation. There is little need to overemphasise
the negative effect that rapidly rising energy prices have had on most
OCs. Dealing with these effects and finding ways of meeting the associated
enormous oil import bills are issues which dominate development thinking
at the moment. These concerns are well founded as the amounts
involved are substantial. Annual Third World oil imports rose to $30 b
in 1975, and to $50 b in 1980 (UNClAD, 1978; World Bank, 1980). If
the cost of oil imports is shown as a percentage of the value of
exports, the scale of the problem can be easily seen. One estimate is
that for low income countries this figure rose from 9% in 1970 to 19%
in 1976, for middle income countries from 10% in 1970 to 22% in l976.*
(Baron, 1980). The 1980 World Bank Development Report presents
figures for all developing countries up to 1977 and the ratios
are similar to those cited above. According to these figures a number
of countries** all had ratios well above 25% (World Bank, 1980).
Undoubtedly, the oil price increases in 1979-1980 further exacerbated
the situation in individual countries making the current account burden
nearly intolerable.***
* This compares with an average rise from 11% to 24% for the AICs which
have a much higher rate of per capita energy consumption. More
specifically, Reveille has shown that for 11 Asian countries -
Bangladesh, India, Indonesia, Korea, Malaysia, Nepal, Pakistan,
Philippines, Sri Lanka, Taiwan and Thailand - the average ratio rose
from 6% in 1972-1973 to 16% in 1978 with increases of up to 26%.
** Bangladesh, Ethiopia, Mozambique, Benia, Pakistan, Thailand,
Philippines, Paraguay, Syria, Jordan, Jamaica, Turkey, Brazil and
Trinidad and Tobago.
For instance, even at a constant 1978 volume of oil imports, Thailand's
bill for oil in 1980 probably accounted for about 40% of all imports;
this cost, combined with its current debt service, would equal about
10% of that country's GNP (Revelle, 1980).
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Most developing countries have simply not had the resources to
meet the costs implied by the above figures. This can be seen clearly
from Table XII which shows that between 1971-73 and 1979-80, deficits
incurred by the oil importing developing countries nearly quadrupled
in nominal terms.
INSERT TABLE XIV
The size of this debt, and the fact that most observers expect it
to grow in the 1980s obviously indicates that the costs of meeting this
deficit are bound to severely disrupt the capacity of DCs to continue
their present level of development projects. Many other problems stem
from the pattern of DC indebtedness that is evolving as a result of the
price increases. In order to finance their deficits many DCs were forced
increasingly to resort to "non-concessionary" long term loans from the
private banking sector. Between 1969-1979, these increased eight times -
from $8 billion to $61 billion - a much steeper rate than took place with
concessionary loans which only increased by about 100% from $31 billion
to $59 billion.* It is perhaps not surprising that this sharp rise in
indebtedness is causing considerable dismay within the international
economy (OECD, February 1980). See also Griffith Jones, 1980). This
concern is heightened by the fact that the five largest borrowers on the
private money markets astonishingly account for over 90% of the total.
Five of these are NICs - Argentina, Brazil, Meixco, South Korea and Liberia.
* This new role for the private banking sector is further underlined
by the increased share of Eurocurrency loans going to the oil importing
developing countries - rising from 22% ($l.5b) of credits to all
countries in 1972 ($6.8b) to nearly 44% ($35.4b) of the total in
1979 ($82.8b), Killick (1981).
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Three aspects of this situation are important for our concerns.
Firstly, the stronger NIC economies clearly have very good access to
private sector credit. Lending to creditworthy countries is good banking
sense. But the penchant to allow such a high level of concentration to
occur clearly makes the banks overly vulnerable to default by one of the
big debtor countries - such an event though perhaps unlikely would
certainly pose a real threat to the stability of the international
banking system.
Secondly, the other side of this concentration is that most of the
poorer developing countries have had little recourse to this source of
funds in the past. And since most observers estimate that concessionary
flows have not adequately filled in the resulting gap, these DC5 have
probably had little choice but to restrict imports of essential commodities
such as spare parts and intermediates, adopted strong deflationary
measures and reduce social investments and development projects.
To be sure there is still considerable debate over the nature of the net
effects of oil price increases on DC GNP growth in the 1970s. Nevertheless,
there is a general consensus that GNP growth rates were reduced somewhat
- with the effects on the weaker economies being significantly magnified.
(See Baron, 1980). One estimate is that overall growth rates reduced
from an average of 6.4% to around 4% over the 1974-1977 period. This
is a substantial reduction over such a short period particularly bearing
in mind the fact that both figures reflect a tremendous degree of skewness
between high NIC growth rates on the one hand and much lower rates for
the rest of the OCs on the other. (World Bank, 1980).
The third point relates not to the past but to the future. While
DCs did experience oil price related difficulties in the 70s, even these
were not on balance as bad as had been expected. Once again the NICs
were noteworthy in this case since they were able to maintain high rates
of growth in national income and in exports. We believe however, that
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many more problems lie in store for all DCs in the l980s as a result
of the cumulative effect of both the price rises and the steps taken
to adjust to these. A number of factors influence this perception.
Most analyses of the impact of oil price rises on DCs, in the 1970s
do not take into account the price rises of 1979-1980, their resulting
inflationary impact on inputs, and the accompanying sharp
downturn in Arc economic growth. As these rises were greater than those
in 1973, the retarding effects on DCs are also likely to be much greater
- anecdotal evidence of a sharp decline in NIC export performance
in 1980 supports this.
Those NICs who were able to maintain their export performance -
with it an impressive rate of growth of imports - were able to do this
by increasing their external debt and expanding government capital
formation (Griffith-Jones, 1980; UNDP/UNCTAD, 1979). In essence these
countries postponed any balance of payments adjustments through the use
of external finances. A brief look at the experience of South Korea
and Brazil is instructive on this issue. In the South Korean case,
total net annual foreign capital inflows, consisting mainly of commercial
bank lending, grew from $300 million in 1972-1973 to about $2 billion
in 1974-1975; this declined somewhat over 1977 and 1978 but shot back
up again in the 1979-80 period so that the current account deficit is
now about $5.5 billion. (Griffith-Jones, l9) Brazil's foreign capital
supply (which includes net direct investment as well as comercial
financing) grew annually from $5.5 billion in 1973 to $8.7 billion in
1974-76. And by 1979 the related current account deficit was in excess
of $10.5 billion and will be much higher in 1980. All of this
adds up to a total foreign debt of over $60 billion - a considerable drain
on any DC even one of Brazil's robustness.
During the period in question these economies stayed buoyant via their
export performance and were able to take some of the edge off such a
daunting position of indebtedness. It should be noted however
that both Brazil and South Korea did not perform at all well in terms
of reducing income inequality and redistributing wealth. If anything
conditions in these areas suffered a marked deterioration.*
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* Other NICs such as Mexico and Argentina have registered equally poor record
in the redistribution of income resulting from export led growth. It seems
hardly necessary to point out the dismal "adjustment1' record of Chile in this
regard. The country has successfully promoted exports - between 1973-1978
they grew 150%. But this was done at the expense of a dramatic curb on
demand through a sharp drop in government social expenditures (40% in real
terms in 1975), a decline in real wages during 1975 of at least 30% below 1969,
nd n.icreae in u p1Qymet)t from3.8% in 1972 to nearly 17% in 1976.
ee rirrith-iones, :o tor aiscussion and references on these points.
A number of observers now suggest that many NICs, but South Korea
and Brazil particularly, will not be able to "grow their way out" of
the crisis created by the second round of price increases. This is a
reality they suggest is already manifest in the struggles of the two
countries during 1980 when Brazil suffered an 110% rate of inflation and
a massive increase in its external debt (yet exports grew at 30%), while
South Korea's GNP dropped by 5% and inflation and external debt
increased substantially. Moreover they point
to the increasing reticence of the international finance comunity to
make available sufficient funds to allow these countries to continue
the balancing act they performed during the 1970s. This reticence to lend
extends not only to South Korea and Brazil but equally to the other
larger borrowers - and by implication to the smaller, weaker economies as
well. The banks are simply not prepared to act as financial back stop
to DCs without having a much more significant say in the domestic fiscal
affairs of the country in order to ensure the security of their investment.
(Griffith-Jones, 1980; UNDP/UNCTAD, 1979; Killick, 1981). If this is
true the NICs could then be caught in a double bind. They already face,
as we have argued much more difficult international trading conditions
which they can only overcome by keeping their intermediate imports high,
maintaining investment in new capital stock and in expensive
training schemes, providing extensive government support for exports,
etc. If the resources to do this are not forthcoming or else are available
only on deflationary terms, then export growth must decline and ,,with it,
at least in the short run, national income levels (leading to even greater
distributional problems).
The point about external interference in domestic fiscal policy is
an important one not only for the NICs but for all oil importing DCs. If
DCs are forced to finance their oil related current account deficit by
recourse to concessionary loans, as many already have, it is quite likely
that they will have no choice but to accept the imposition of very
deflationary policies as a precondition for being granted the loan. This
has always been the case but given present conditions there is reason
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to believe that the restrictions will be even more severe and further
will be accompanied by a higher degree of inflexibility on the part
of the lenders. The recent example of Jamaica's failed negotiation with
the IMF are a case in po.int. Former Prime Minister Manley refused to
give in to the Fund's deflationary requirements. The fund refused to
give in to Manley. For this and other reasons an election was called
and the Manley government was replaced with one more amenable to follow
the deflationary policies advocated by the Fund.* NICs were able to resist
this sort of pressure and interference in the past, and probably will be
able to counter some of it in the future even if they do accept concessionary
funds. Other countries however may not fare so well. We believe their
capacity for independent adjustment was substantially exhausted during
the 1970s. The pressure imposed by the 1973-74 oil price increases
lead many DCs to attempt to make cuts in imports, reduce energy consumption,
cut back on non-essential projects to the extent that they were capable.
Even if these moves were not successful or were inadequate and contradictory
in an objective sense, they were probably the best that could be done
under the highly unusual conditions in which policy makers suddenly
found themselves.
We would argue that the margin for these countries to achieve further
savings in the 1980s without receiving outside financial or technical
assistance from the multilateral agencies probably is fairly slim.**
recent era of restricted access to essential inputs, spare parts, etc.
has probably left the industrial and the agricultural infrastructure in
a pretty precarious position. Replacement investment and maintenance
activities may well have been slowed down considerably due to the resulting
lack of resources. Hence as the DCs move into the 80s trying to adjust once
again to the unavoidable shocks of the second oil price rise, the external
imposition of further restrictions on demand and development projects
can only exacerbate what is already a difficult situation. We fear that
among many other impacts that may occur, this combination of factors
related to the oil price rises will probably further limit the capacity
of non-NICs to shift resources into the development of manufactured
exports. In the short run the resources almost certainly will not be there
* Tanzania, too, has more recently rejected a similar offer from the
Fund - however, the nature of the resolution of Tanzania's crisis cannot
yet be predicted.
** Some authors such as Seers (1981) argue that the extension of aid to the
poorer DCs to assist them in their present crisis may be to their
advantage by making them more independent of the world economy.
in the longer run it is as yet impossible to judge what the cumulative
effect of the l970s has been on industrial capital stock (in both physical
and human terms).
Much of the literature concerned with the balance of payments adjustment
process strongly emphasises the need for DCs to switch resources into
the export sector as one way of reducing the pressure of oil deficits.
(See Griffith Jones, 1980). Some of thths discussion does recognise that
the poorer, less industrially robust DCs will have more difficulty than
the NICs in making this switch. We expect however, that it is easy
to underestimate the difficulties that could be encountered by many
countries in making this switch efficiently and within a period of time
where it will be effective. This is because.firstly the poorer countries
are starting from a very low base - in the sense that achieving production
that is competitive internationally does take time, often require new
techniques, higher skill levels, etc., particularly if the country has
never exported in that area. Secondly the industrial capital stock on
which such a strategy will build may, as we have suggested, been neglected
in recent years in some of the poorer NICs and hence will take some time
to rebuild. Thirdly, difficulties will also be encountered because of
our earlier arguments that producers of even relatively standard products
may now require a greater degreee of product or process know how to be
able to compete internationally. Hence it seems that calls for non-NICs
to willy nilly increase their exports in response to short term energy
problems need to be examined very carefully from a policy point of view.
It is by no means clear what these calls mean in policy terms as to the
sectors to be selected for export promotion, the opportunity costs involved
in devoting resources to the task, and the time it will take to achieve
any measurable result.
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SECTION V PRIORITIES AND POLICY OPTIONS FOR DEVELOPING COUNTRIES
The Need for a Response
We have reviewed some aspects of the restructuring process currently
taking place in the international economy. Our discussion centering on
technical change and innovation policies in the Arcs, has suggested
that some trends are evolving which)contrary to the predominant restructuring
wisdom, pose serious adjustment problems for DC policy makers. For the Third
World the most irnediately obvious impact of these trends has been to worsen
the international trading environment for manufactures.
Rather than being an area where DCs
can continue to enjoy a steady improvement in their performance, we
believe that, except for a few NICs, prospects for the resumption of rapid growth
in exports in the near future are very bleak. This analysis is based on three
elements - the retarding effect on DC exports of reduced growth and slack demand
in the AICs which shows little prospect of early change; the resultant increased
wave of protectionist sentiment which is concentrated on those sectors where
DC's hope to make substantial inroads; and finally the increased
importance of technical change as a determinant of international competitiveness.
Our consideration of the latter element has emphasised two related
aspects. Firstly, the general increase in the importance of technical
change in international trade has been given considerable impetus by
the advent of microelectronics. The competitive advantage likely to be
conferred upon firms and countries able to develop and incorporate MRIs
in the product and process technologies will be considerable. Moreover,
there is every reason to expect that these changes will take place
in sectors where DC5 are hoping to build on their established comparative
advantage to expand exports to AICs. Secondly, despite their ruinous
fascination with deflationary policies in the midst of rising unemployment,
AIC policy makers have begun to shift resources and effort towards
intervention in innovation. The explicit intention is the maintenance
and improvement of their international comparative advantage which they
see as resting firmly on the successful diffusion of new technology.
Hence the overall emphasis of AIC innovation policy on encouraging the
development of national capability in the production and use of micro-
electronics.is aimed to reverse declines in comparative advantage and
seize a greater share of international trade against all competitors
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We have suggested that the cumulative effect of these trends
could seriously disadvantage Third World countries trying to build up their
exports of manufactures. Technical changes introduced by innovating
firms in the AICs may significantly improve total factor productivity
and hence erocDC comparative advantage in sectors crucial to the
economy in terms of foreign exchange earnings, employment, and backward
linkages central to their export led industrialisation strategies.
The use by AICs of tariff and non-tariff barriers to limit DC access* to
domestic markets contributes to the curtailment of the sort of export
opportunities that were so crucial to the NICs in the 1960s.
Failure on the part of DCs to respond and adjust to these changes
will inevitably extract a high social and economic cost - as the
experience of some countries has already shown. Yet nearly a decade
of rising energy costs has stretched the capacity of all DCs to
continue to generate the resources needed for investment in development projects.
For many the main economic priority is to stave off near continual balance of
payments crises by cutting back government expenditure and increasing short-term
borrowing. The social and economic costs of these policies means that
many of the poorer countries will simply have to forego hopes for significant
industrial development and income growth in the short to medium term. To a
very real extent the low-level trap faced by these countries effectively
eliminates them from considering many of the policy initiatives
discussed in this paper. (See UNClAD, 1981; UNIDO, 1981; for a
discussion of the particular problems of the least developed countries).
For DCs whose industrial base affords the opportunity to develop
an export capacity, the questions we have raised in terms of a changing
international trading environment make it hard to avoid querying
the continued viability of export-Ted industrialisation stra.tegies
which are presently advocated by many observers. Tn raising such a question
an important, ruu1ti.faceted distinction needs to be made between the NICS
and other countries.
* While at the same time using offshore assembly provisions in those same
laws to increase the amount of trade managed by AIC firms.
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In the case of the NICs, underlying their notable export performance in
the 1960s is a highly diversified and integrated industrial structure
based on a significant degree of indigenous technological capabilities
and sophisticated planning and management cadres. The accompanying
expansion of domestic demand in line with export growth has been an
equally important determinant of success - and my yet prove to be the
most significant factor in rnaintaing their performance in face of
declining export opportunities in the future. All of these aspects
contributed to the resilience of their economic and enhanced their
capacity for rapid adjustment which allowed them to grow their way out of
the oil price-induced recession of 1974-75. As we suggested earlier
the external conditions which facilitated NIC economic growth in the l960s
have changed and the convenient coincidence of cheap external financing,
accessible markets, growing AIC demand for import and large unit cost
differentials have probably disappeared for ever. It would obviously be
foolish to suggest that as a result these countries should abandon their
export oriented policies for some less certain alternative economic strategy.
However, we believe it is clear that even the NICs must respond in quite
fundamental ways to current changes or else risk a drastic reduction in the
curretn level of economic well being.
For non-NICs, the pressure to move away from a commitment to
export led growth seems more compelling. But the liklihood of easy
success seems equally problematic if only because they will still have to deal
with the weaknesses that makes their capacity to greatly expand manufactured
exports under current conditions suspect. Relative to the NICs, these
countries are obviously less well off in many of the areas which determine
their capacity to respond in the face of external shocks. Many of these
involve dependent linkages with the AICs of one sort or another which can
inhibit their attainment of industrial independence and limit the economies
"capacity to transform" itself (Kindleberger, 1962; cited in Roemer, 1981).
Poorer DCs are frequently characterised by an excessive degree of
dependence in four areas: (1) final product market dependence on one or
a few (export) products or markets; (2) technological dependence,
particularly in the area of capital goods which are seen as important sources
of indigenous innovation; (3) managerial and entrepreneurial dependence
and (4) foreign capital dependence due to existing patterns of input
requirements and more recently energy use.
The combined effect of these dependent linkages reduces the inherent
strengths of these economies and inhibits the speed and efficiency
with which resources can be shifted to export sectors to earn foreign
exchange. From this perspective clearly a major obstacle to future
development is the economys degree of dependence on its external
environment. Given this, it is, of course, tempting to respond by
calling for thses countries to abandon any pretension at achieing
growth through the expansion of manufactured exports and urge them
instead to explore the possibilities of more inward-looking forms of
development. A number of authors have begun to advance arguments
which make the case for development strategies that involve a certain
degree of "delinking from the North (Seers, 1981; Kaplinsky, 1981;
CEPAL Review, 1980) - and which under certain rigorous assumptions could
lead to a signficiant degree of industrialisation.**
This is not the appropriate context to elaborate on the details of
an inward looking development strategy except to emphasise that it need
not imply the sort of autarchic isolation that seemed the logical outcome
of the prescriptive analytics of the dependency and self reliance schools
(Hoffman and Unger, 1978; Roemer, 1981). Nor to equate the notion
with the equally beleagued era of import-substitution policies. However,
policy efforts to limit or reduce those external linkages which are most
damaging seem entirely in line with the current realities of the non-NICs.
* However almost paradoxically large NIC5 such as Brazil and India
with their huge domestic markets arguably stand a better chance of
succeeding until an inward looking strategy than either smaller NICs
or the poorer inherently more dependent non-NICs.
** See Cooper, 1981 for a thought provoking discussion of the possibilities
of the Raj-Sen closed economy model being applied in response to present
conditions.
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A good deal of delinking has undoubtedly already happened (Seers,
1981). In the urban sector high energy prices have worked against the
continued importation and perhaps operation of energy intensive techniques.
(Baron, 1980). Public transport, bicycles and rail and maritime freight
become more attractive than the use of the automobile and trucks.
Even the enforced isolation of rural areas may have its benefits by
increasing the attractiveness of low energy using agricultural production
and reviving craft techniques.*
Moreover, future investment decisions are already being evaluated
not only in terms of their energy intensiveness but also on their requirements
for expensive (foreign exchange) inputs and services for operation and
maintenance. This sort of de-facto shift in strategy will lead to
significant changes in the evolving industrial structure in the non-NICs
even without formal decisions to pursue inward looking growth strategies.
These developments may lead to decisions to develop a labour
intensive capital goods sector capable of meeting the more modest needs
of domestic oriented industrial activities. If so the costs will
certainly be high during the learning period - but even in DCs with small
domestic markets the possession of a nichine building capacity must
still be considered essential to independent industrial development
(Pack, 1981; Cooper, 1981). THis "conventionaP' wisdom has received
massive empirical support in recent years - to our minds the inescapable
logic of the arguments is only increased by a consideration of the
effects of higher energy prices.
If such strategies make sense for individual countries, it also seems
essential that interregional co-operation and collaboration arrangements,
whose "integrity" suffered severely in the 1960s and 1970s will also
need to make a comeback; albeit in a revamped form. The long term
viability of the early groups was always suspect when they were based
on admirable but fragile intellectual arguments for Third World solidarity
* While we share Seers (1981) optimism about the unrealised resilience
of rural economies, the experience of Brazil which chose to secure
petrol supplies to the urban elite by means of exploiting the rural
agricultural sector suggests that the improvement of equity has not
uniformly occurred throughout the Third World as a result of oil prices.
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and collective self-reliance - many of them emanating from liberal
minded but North based thinkers. The favourable prospects for development
based on international rather than regional linkages allowed nationalistic
self-interest to intervene (effectively exploited by Northern actors) when
the issue of collective costs and collective sharing arose in regional
forums. These lead for instance to the disintegration of the East
African Community and the disembowment of the Andean Pact. However,
one suspects that with the changed climate national self-interest
particularly among the poorer countries, will now dictate new attempts
at regional collaboration - even if these are only perceived as the
best means of saving their own country from economic ruin. The truly
dynamic potential of regional groupings (as was demonstrated in the
early days of the Andean Pact; see JU14C 1976) was never really
given chance in earlier periods - hopefully present circumstances may
provide another opportunity (See O'Brien, 1981).
We do not wish to pursue the specific nature of inwardlooking
policies any further and would advise the exercise of restraint, however,
in going too far towards advocating non-NICs to abandon export led
strategies in favour of such policies. The internal and
external circumstances of countries differ far too much to allow a
"formalised" inward.looking development strategy to be a priori any more
suitable to the mass of DCs than their export led counterparts. Indeed,
it is almost certainly a mistake to see the two sorts of approaches as being
mutually exclusive either in conceptual or in practical terms - particularly
since the reality is that both sorts of policy have been simultaneously
pursued by many countries.
Rather than opting for one model or the other
as the principle strategy, it seems more sensible for DC policy makers to
evolve and implement the mix of policies necessary to ensure that damaging
external linkages are minirnised and the economy is able to respond
quickly and efficiently to future externally imposed changes in its
environment. The development of sectoral strategies could therefore
aim to build on the strengths and eliminate the weaknesses of each
sector in terms of the nature of its external linkages. Some branches
might best develop managerial talent and technological capacity and
reduce foreign exchange requirements by concentrating on building up
its domestically oriented activities while others would necessarily be
best suited to export promotion.
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While this undoubtedly already happens in many countries it does
so in an ad hoc fashion which can often have high opportunity costs.
Moves to develop an export base by relying on foreign participation in
assembly operation in export processing zones are a case in point - the
resulting short run foreign exchange benefits are often simply not great
enough to forego the costs of missed opportunities to develop local
capabilities which such zones eliminate almost by definition.
What is required is for DC policy makers to undertake a much more
complex and long term evaluation of the relative contribution that each
sector can make to national objectives along the lines suggested above.
This is no more than good planning practice and similar recommendations
have been made in other contexts. However, our earlier emphasis on the
potential changes in international trading environment due to AIC controlled!
dominated patterns of innovation and technical change suggest that
decision to pursue an export or domestic oriented strategy in particular
sectors must necessarily be reflected in the sector/firm strategy vis
a vis the acquisition of technology. This seems particularly true in
relation to the further development of export oriented sectors. Pressure
to compete internationally have always required AIC firms to adopt
best-practice techniques. This has been less the case for DC firms
because of the unit labour cost differential they enjoyed. We believe
that it will become much more difficult for DCs to continue to rely on this
element alone to allow them to use techniques which are too far from the
best practice frontier. Maintaining their existing position and breaking
into new sectors will involve the mastery of inherently more complex product
and process technologies which may be more costly to acquire and which
will certainly require a more intensive application of entrepreneurial,
managerial and technical skills.
In the new era of protectionism, gaining market access will
abs necessitate closer links with foreign intermediaries - the
identification and penetration of market niches by independent DC firms will
require much more aggressive and sophisticated marketing techniques.
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Some Final Thoughts on the Implications of New Technologies
Where the application of new technologies are involved, the process
of developing the required levels of indigenous expertise will be a
long term one requiring hurge investments in skill formation and
necessitating close and costly collaboration between public and private
sectors and between recipient and technology supplier.
Given the heterogenous nature of the DCs, the effects of the use of
the new technologies will differ significantly across Third World countries.
The NIC5 arguably have the economic strength and technological capacity
to adapt to a rapidly changing competitive situation in the world economy
that may result from the use of MRIs by AIC.firms. It is equally plausible,
however, that for some of these countries, the nature of their integration
into the world economy will prove problematic. Those NICs which are
subject to a high degree of outside control in particular sectors
likely to be affected by MRIsmay be largely unable and unwilling to
influence decisions by foreign firms on location of production br on their
local competitive strategies which could be
destabilising wihin the local economy.
DC5 which are only beginning to diversify their industrial
activities and look towards exports to AIC markets as a major engine
of growth, face an additional set of obstacles. Unlike the NIC5, these
countries probably do not have the technical capacity to respond to
changes in competitive conditions. The technological requirements for
competing in high income markets will be beyond the capabilities of
many countries. Due to their weak bargaining position they will not be
able to rely on the free operation of the market to acquire access
to the technical knowledge needed to exploit the new technology -
imperfections which are likely to exist in particular sectors for the
NICs as well.
Changes in comparative advantage might necessitate a fundamental
reorientation of industrialisation strategies. New strategies could
include either pulling out of producing exports for AIC markets altogether
or shifting the focus of their export efforts to other DC5 - a shift
which might not necessitate changes in methods of production if AIC
competition can be kept at bay through tariffs and quotas.
Alternatively, the decision might be taken to continue to export to Arcs
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by becoming technologically competitive in traditional sectors or in
entirely new areas such as in the export of software packages to other
DCs. Obviously between these options there will be any number of
intermediate positions that niight be the optimal response to the
particular conditions faced by the country. This decision inter alia1
implies a decision to exploit the potential benefits afforded by the use
of microelectronics. In this case different types of technological
capability (related to the exploitation of the technologies) will also
have to be created or acquired in order to meet the objectives.
However, because of the complex issues raised by the use of
microelectronics within DCs, the generalised arguments about the trade
offs involved in investing in the creation of technological capabilities need
to be closely examined (Cooper and Hoffman, 1978). The debate has
previously centred around the relative cost and benefits of importing
foreign technology as opposed to developing it locally. In its purest
form, the comparative cost argument inevitably dictates that greater
use of local skills and resources can only result in a high degree of
social cost and loss of welfare in the short term. However, the argument
(and the evidence) that the generation of technological skills can create
significant economic gains in the form of externalities has gained a good
deal of credence. Nevertheless, major difficulties have been encountered
in ensuring that such arguments are translated into effective policies. For
instance, problems exists in measuring the resultant benefits which are not valued
by the market. This in turn makes it nearly impossible (at least on
the basis of existing evidence) to establish clear guidelines on the
optimum level of investment in local capabilities (an easy task
theoretically, but not practically). These problems are seriously
compounded by our current inability to specify precisely which skills
should be developed and in what quantities. (Cooper, 1981)
Despite these problems, the arguments in favour of developing local
technological capabilities are, in fact, greatly reinforced by the nature
of microelectronics technology. It can be utilised in all productive
activities with significant gains in both capital and labour productivity.
This could mean that the externalities associated with creating the
ability to use and innovate with microelectronics could be even larger
than those normally associated with capability accumulation in more narrowly
defined areas of technical activity.
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Crucial to capturing the potential gains in this situation would
be the creation of an indigenous software capability in the development
of industrial appliations of microelectronics. The ever increasing
importance of software cauld be a development which is particularly
favourable to DCs. Although there will inevitably be strong pressures
by AIC suppliers to fully appropriate software, the very nature of the
competitive process must lead to considerable "leakages" in the market.
These could be exploited by .DCs to gain initial access to the technical
knowledge needed to create a small but viable software capability which
could be of general use or be more specifically oriented to the needs
of particular sectors. Specialisation in the development of software
packages particularly suited to DC conditions would appear to be a
very real possibility somewhat along the lines of Third World exports
of other types of disembodied technology (such as providing the civil
engineering for roads and dams in other DC5 ). At the moment we
know very little of what the costs are likely to be in developing a
software capability or the best means to do it under DC conditions.
However, if the existence of an indigenous software capability, well
integrated into production activities proves to e the key factor that AIC
comentators believe it will be, then DC policy-makers are well advised
to examine this as a serious policy option.
The constraints on many DCs being able to develop microelectronics using
an innovative capability are, of course, likely to besevere
- even though as we have mentioned some NICs are already beginning to
develop just such a capability. There are certain factors, however, which
would at least allow us to speculate that the opportunities for Third
World countries to develop technically and economically viable innovations
incorporating microprocessors may be much better than would appear at first.
If the overwhelming bulk of innovative activities are taking
place within AIC firms, this means that the applications that are
developed will reflect AIC conditions, particularly as regards the
perceived economies of scale required to make automation viable.
However, the inherent flexibility of the technology would indicate, a
priori at least, that applications involving small scale batch methods
of production might be equally possible, particularly if the same amount
of emphasis, time and cost were put into this type of application as
opposed to those at the other end of the scale.
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If such an alternative direction of technical change is now much
more feasible because of the advent of microelectronics, then it might
conceivably be sensible for some OCs to concentrate some of their
efforts on developing this type of innovative capability in specific
sectors. If such a strategy were considered feasible by DCs it would of
course need to be formulated and implemented within a comprehensive
framework that took account of the fact that the large bulk of productive
activities need not necessarily depend on the use of microelectronics
but nevertheless need considerable attention as well. To discuss the
implications of such a strategy would take us further into the realms of
speculation than we would like to go at this point so we shall leave
it to be debated in another context. However the point about long
term planning within a comprehensive framework is an important one to
close on - ad hoc responses to the changing nature of the international
economy which confronts the Third World can, no matter how justifie individually
lead to very significant long term costs if they are not co-ordinated
and oriented to achieve a clearly specified set of national objectives.
The severity of the current crisis necessitates that DC policy makers
must respond,possibly in a fundamental way, by changing their strategies
to adapt to new conditions.
Certainly, either directly or indirectly, the Third World will be
affected by the coming changes, whatever their rate and magnitude.
The developing countries do have the opportunity to influence the impact
of these changes in their own societies. However, they must act soon
and they must act informatively on a broad range of fronts in order to
ensure that the net effects are positive rather than negative. This
discussion has been a very limited attempt to contribute to this process.






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Trends in expenditue on R & 1) as a perccnage of GD in selected
countries, total, defence and othcr
c;crntany, Netherlands, Sweden. United Kingdom: 1964.
11972
b1970
Source OECD (1979), Science and Technology in the Netu Socio-Econornic Context.
1963' 1957 1971 1975
1.60 2.20 1.90 1.80Jfç 0.43 0.55 0.33 0.35
other 1.17 1.65 1.57 1.45
;crma:Iy
1.40 1.70 2.10 2.10
defence 0.14 0.21 0.16 0.14
other 1.26 1.49 1.94 1.96
J1pan
total 1.30 1.30 1.60 1.70
jcfcnce 0.01 0.02 - 0.01
other 1.29 1.28 - 1.69
Inked Kingdom
total 2.30 2.30 ,10a 2.10












defcnc 1.37 1.10 0.80 0.64
other 1.53 1.80 1.80 1.66
%therlaods
total 190 2.20 2.00 1.90
defence - - 0.04 0.03
other - (1.96) 1.87
Sweden
total 1.30 1.30 1.50 1.80
defence 0.40 0.43 023b
other 0.90 0.87 (1.27) -
Canada
total 1.00 1.20 1.20 1.00












defence 0.01 0.02 0.02 0.02
other 0.59 0.68 0.88 0.88
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available for the group of SIC 363, 3s34, and 369.
available for the group of SIC 284, 285, and 289.
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Drugs 283 12.12 0.89
Special industrial itachinery 355 12.13 0.89
Meralsvorkirtg machinery 354 11.99 0.88
Engines and tumbines 351 8.40 0.79
Instruments 88 8.24 0.78
Electrical transmission and distribution equipluient 361, 3823 7.88 0.77
Ordnance, guided missiles 34, 376. 3745 7.50 0.16
Electrical industrial appamatus 362 7.30 0.74
Industrial inorganic chemicals 286 5.86 0.65
Office arid computing machinery 357 5.42 0.61
Communications and electronics equipment 366, 367 4.49 0.52
Aircraft 372 4.34 0.51
Electrical lighting, electrical equipment 364 4.17 0.48
Soaps, cleaning products, etc. 284 4.07 0.48
Construction machinery 353 4.13 0.47
Miscellaneous chcmical products 289 3.68 0.42
Fabricated metal products 34 3.48 0.41
General industrial machinery 356 3.52 0.40
Industrial organic chemicals 281 2.92 0.31
Petroleum products 13,29 2.7 0.30
Miscellaneous machinery 359 2.67 0.30
Motor vehicles 371 2.81 0.30
Railroad equipment 374 2.71 0.28
Refrigeration and service machinery 358 2.51 0.25
(2) Non'signific.uit reu1es
Radio and 'lV receiving equipment 365 2.20 0.23
Plastic materials 282 2.21 0.22
Miscellaneous electrical equipment 369 2.24 0.22
Electrical l:ouse hold appliances 363 2.16 0.21
Rubber products 30 1.82 0.18
Textiles 22 1.59 0.15
Farm r.iacluinery 352 1.62 0.12
Miscellaneous transportation equipment 379 1.53 0.12
Stone, clay. glass products 32 1.32 0.11
Non'fcrrous metal prnducts 3336, 3398, 3463 1.33 0.11
Ferrous r.ytat products 331, 332, 3399, 3462 1.30 0.10
Food 20 0.99 0.08
Agricultural chemicals 287 1.08 0.07
Motor aud bicycks 375 0.61 0.06
Paints i'd allied products 285 0.52 0.03
Ship md buat building 373 0.47 0,03
Source: Rothwell and Zegveld5 1981
The bracketed Roman numeral identifies one of the benefits of innovation listed in Figure 5.1.
Table V
Industrial innovation policies - ovcrall strategic goals
Canada Japan The Nrber1a,dx Swede,: U,:ieed Kingdo in











(b) tcchnulugieal (b) security (XVII) (b improved inter- (b) improved inter- (b) improved inter-
sovereignty in national competi- national conipeti- national competi-
(XIX) tIVcOCSS in Dutch tiVCflCSS in Swcdih rlven&,ss in UK
(c) defence (XX),
Cd) energy (XI), and
(e) employment (V)
industry (II),
(c) more jobs (V),
(d) berter quality
jobs (XV 1,1 1),
(e) selective eco-
nomic growth
industry (11) industry (12),
(c) improved economic
performance (VI),
(d) more jobs (V), and
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b.2 Improve university a.3
courses (3) (a)
b.3 More technical and a.4
scientific research (a)
(2)
The bracketed number t :o :ype of pnlic:.wei jipvoled (see Figure 5.2 for list of policy tools).
tN pdicy rool (pat f- cxort-s:i e:ifed for these policy measures.
Th :rec , , , rc icl Jecriv'S !std in Tabk 5.
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industry (iv and v)
More government
R &c D (ii)
Better consultation
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The bracketed Roman numeras refer to thc intended target (listed in Figure 5.2) of the various policy measures (see Table 5.9) to achieve thi
particular objective.
Source: Rothwell and Zegveld (1981)
Canada Japa,z Tbe Nezhr4ands Sw dcm Unircd !'aigInr United Szats
Table VIII
GC;21 SC2<1 ?0 '119 470.4 xi.Dumf x
t%. C79k?9Y. r?.',C' 7.1w
Source: Dosi (1981)
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Wind Ocoan Biomass Geo-
Thermal
$ 1.7 0.. 0.1 0.6 3.3 0.3
5.4 1.3 0.3 1.8 10.3 0.8
$ 1.0 0.8 1.7 0.7 0.3
1.0 0.8 1.8 0.7 0.3
$ 8.3 0,8 . 1.9 0.9 5.6 1.1
6.0 0.6 1.4 0.6 4.1 0.8
$ 0.9 1.8 0.8 5.2
2.8 6.0 2.5 16.7
$ 15.6 6.2 7.8 7.6 1.6 1.6 6.0
1.4 0.6 0.7 0.7 0.2 0.2 0.6
$ 0.1 0.04 0.4 0.1 0.1 0.3
% 2.9 0.9 10.0 2.1 1.5 8.0
$ 0.2 0.1 0.1 0.1 0.9
3.8 2.6 1.8 1.3 18.2
$ 11.6 0.1 1.7
5.4 0.1 0.8
$ 1.3 1.6 14.0 0.3 2.3 0.3 18.7
0.1 0.2 1.5 0.3 2.0
4.7 1.0 3.9 0.3 0.2
4.2 0.9 3.5 0.2 0.1
$ 0.2 0.1 0.5 1.5
2.3 1.7 6.4 18.3
$ 0.4 0.7 3.4 0.4
1.0 .1.8 8.5 1.0
$ 1.5 0.6 5.2 0.2 1.0 0.5
1.9 0.7 6.6 0.3 1.3 0.6
$ 15.8 1.1 8.4 0.8 5.6 0.3
% 14.8 1.1 7-9 0.8 5.3 0.2
$ 3.6 0.8 1.8 0.04 2.0 0.6
6.8 1.4 3.6 0.1 3.9 1.1
$ 1.8 0.2 1.1 9.5 1.6 4.9
0.3 2.5 0.4 1.3
$ 177.5 91.9 94.0 53.8 42.2 27.7 137.0
4.7 2.4 2.5 1.4 1.1 0.7 3.6
2.2 1.3 126.2 80.8 60.8 52.3 178.5
3.5 1.5 1.8 1.1 0.9 0.7 2.5
l43. 91 4 48.2 37.1 27.8 112.0





abIe XIII Average Increase in REE Funding tor lEA Countries between
1978-1979
1. Solar












a * Figures relate to balances on current account excluding public
transfers, far IMF members only, thus excluding most centrally
planned economies.
- Forecasts
c - Industrial countries and more developed primary producing countries
Hoffman (1982)
(US S Billion; Annual Averages)
1971- 1974- 1978 1979-
1973 1977 1980b
Developed CountriesC +11 -2 +31 -31
Major Oil Exporting
Countries +44 +5 +92
Non-Oil Developing
Countries -9 -34 -36 -62
V
Sources: Killick, 1981, p.92
Notes:
Table XIV Paymens Ealances on CurrertL Account,
Selected Periods in 1971_1980a
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"MINERAL LEACHING BY BACTERIAL METHODS IN DEVELOPING
COUNTRIES AND THE IMPLICATIONS FOR POLICY WITH PAR-
TICULAR REFERENCE TO THE ANDEN PACT COPPER PROJECT"
Alyson Warhurst
The minerals industryat present is having to take account of economic and
environmentalcons:iderations such as the depletion of reserves and the
decline of ore grades, stricter pollution regulations and rising investment
and energy Costs - all in the context of low and unstable metal prices.
Technical developments in the minerals industry over the last decade in
response to these factors mean that there now exist .a number of technically
viabLe options to be considered during process route selection. These
technical changes are also opening up the way for the economic recovery and
extraction of metals from mineral resources previously unutilized. Recent
innovations in pyrometallurgy include: matte-making processes such as flash
furnaces, oxygen sprinkling smelters and electric furnace smelting, and
continuous matte-making and converting techniques like the Noranda and
Mitsubishi processes. In the area of. hydrometallurgy, processes for
.leaching suiphide minerals and mixed ores using chloride, cyanide, ammoniacal
and bacterially activated solutions, have been developed.
3.
mineral content and, in so doing, preventing natural pollution by uncontrolled
acidic effluents.
Secondly, the leaching of overburden from newly developed mineral deposits,
and of marginal ore during ongoing operations, in heaps specifically
designed to optimise the leaching process for short term economic gain.
Thirdly, the more novel possibility of leaching suiphide concentrates in
confined systems under carefully controlled conditions.
These developments have important implications for mineral producing developing
countries, not least with respect to cuchnical choice and decision making,
since the majority of suiphide porphyry deposits are located within their
boundaries. Many of these countries, including Argentina, Brazil, Bolivia,
Chile,, Colombia, Ecuador, Indonesia, Panama, Papua New Gucea, The Philippines
and Peru, re now embarking upon process route selection .or new mineral
projects. Bacterial, leaching technology could be considered in many of them.
Indeedin Chile bacterial leaching technology development is one of CODELCO's
most important planned investments for next year. Impressive projects are in
progress at Chuquicamata, El. Teniente and Salvador. Exxon is also planning a
huge heap leaching project for the marginal overburden to be removed during
the development of its large porphyry deposit at Los Bronces. In Peru,
bacterial leaching is planned to play an important economic role at Toromocho.
(CENTROMIN), Cer'ro Verde (MINEROPERU), and Pativilca (HORSCHILD). Similar
projects are being considered by RTZ at Cerro Colora4o in Panama, by COMIBOL.
at Tasna in Bolivia and by Colomoia, Argentina and India.
Rowevex', virtually all the examples of the commercial applications of this
technology are to dumps of previously considered waste or marginal ore and
are mainly located in the industrialised countries (e.g. S.W. USA, Canada and
the USSR). Since it has only recently been realised that suiphide leaching
has a microbiological component, these dumps were not constructed according
to parameters to optimise the process. So although these bacterial leaching
operations account for over 10% of the production of US copper, they generally
4.
have recuperation rates no higher than 40% of the contained metii in a
period of about ive years.
In optimal conditions Theobacillus ferro-oxidans and others, besides acting
directly on the minerals, accelerate the oxidation and dissolution of
suiphide minerals in a ferric sulphate and sulphuric acid medium by up to
i06. However, being living organisms they have various requirements for
optimal growth (and thus optimal leaching rates). These include a highly
acid PR, high oxygen availability, nutrients, a warm temperature range, etc.
Optimization can proceed along three main routes - leach system design,
solution management, and bacterial growth and yield - and can achieve
recuperation rates of 80% in time periods of 18 months to three years.
For example, if the heaps are too large their centres maybe starved of
oxygen and temperatures in the core may rise due to the oxidation of the
pyrite. This makes the environment inhospitable for bacteria and thus
reduces the leaching of the contained mineral content. Similarly, if the
ore decrepitates easily, fines will be formed which in turn constrain
leaching reactions. The consequent rise in P11 reduces bacterial activity
both directly and indirectly - by causing iron salts to precipitate,
coating mineral particles and leaving them inaccessible to attack.
Thus, heaps could be built lover and longer, i.e. a finger dumps; control
checks on the recirculating lixiviant could be carried out; bacteria could
be reinnoculated into the solution, and nutrients added, etc.
However, the rock type and its natural particle size after dynamiting will
determine the necessity for preliminary crushing, the addition of extra
a'cid or the special design of finger dumps; the hydrogeology and soil types
of the location of the leaching operation will determine the need for prior
ground surface preparation; and the availability and characteristics of
local acidic minewater and vibrant indigenous b:cceria will ultimately
determine the efficiency of bacterial leaching for a given location.
5.
Thus, the cost structure of optimising a bacterial leaching project is
highly dependent upon the geology of the mine location.
The principal implication of all this is that there exists no precedent in
the indistrialised countries of optimised bacterial leaching operations.
There are no general models upon which the developing countries can design
their leaching projects, and, as a source of technology trnnsfer, the
potential of the industrialised countries is limited. Although, it should
be added that throughout the last year applied R&; i.n the area of the
bacterial leaching of the main suiphide minerah- has been receiving an
increasingly large investment by firms, imstitutes, universities and inter-
national technical and financial assistance orga.nisations (OEA, UNIDO,
UNEP, etc.).
It is within this overall context that the Andean Pact Copper Project has.
been the subject of detailed fieldwork. It represenr. one of the few
examples of the development and application of bacterial leaching technology
within the developing countries.!" In addition to its intrinsic importance,
it is also interesting since it was designed to achieve technology policy
goals. These included the development of local facilities and skills and
a more efficient system of technology transfer both from developed countries
and between developing countries.
The specific objectives of the Copper Project were:'
(1) To form teams of people capable of managing efficiently the hydrometal-
lurgical technology of copper from the laboratory level up to the
1/ The Cananea bacterial leaching operation in northern Mexico is the
only other known application.
2/ Junta del Acuerdo de Cartagena, "Proyectos Andinos de Desarrollo
Tecnol6gico en el Area de in Hidrometalurgia del Cobre". J/GT/12,
2 Sept. 1974.
Ibid., "Proyectos Andinos Desarrollo en el Area de la Hidrometn'urgia
del Cobre". (Decisiones 8( y 87 dct la Comisiti dc] Acuerdo de Caitagena)
J/GT/16/Rev. 1, 12 Jun. 1975. Direct translation from the Spanish.
6.
design, construction and operation of industrial plant:. The people should
be left capable to continue R & D work and to perfect, adapt or design new
technologies based on the knowledge transferred through the project.
(2) To creain Peru, Bolivia and Chile laboratory facilities for analysing,
evaluating and developing studies of copper mineral leaching.
The programme of technology development included seminar courses, on-site
training by foreign experts and visits to dump leaching industrial operations in
the United States. The project involved the joint participation o1 CENTROMIN PE
1W, MINEBOPERU and INCITEML (flow INGEMMET) in Peru, and COMIBOL and the LI{ in
Bolivfi. It was planned sand coordinated by the Junta del Acuerdo de Cartage
na (the Andean Pact).
The objettives of the Copper Project have largely been achieved in Peru,
although to a lesser extent in Bolivia. Furthermore, there has been an impres-
sive diffusion of the.technology to other mine sites and firms, and an adapta-
tion of it by the trained teams to other metallurgical problems. On the basis
of this success the Andean Pact is planning a Second Phase which aims to
consolidate and diffuse further bacterial leaching with the Andean Group and
extend the technology development project to other metals and hydrometallurgi-
cal techniques. Th$ has obtained financial assistance from GTZ of Germany,
which was also the principal aid supplier for the Copper Project.
The main achievements of the Copper Project are outlined below:
(1) In the case of CENTROMIN, a large bacterial leaching pilot plant was
installed at Toronxcho using cementation on scrap iron as the recovery
method. The team, based at the specifically created Special Projects
Division in La Oroya, provided an important input to the prefeasibility
study for the Toromocho industrial project, and a new pilot plant using
1/ CENTROMIN, MINE ROPERU and COMIBOL ar the s tate-owned mining companies
of Peru and Bolivia. 11MM is the Bolivian Institute for Mineral. and Mecal
lurgical research. Axd INGEMZIET is the Peruvian Institute for Geological.,
Mining and Metallurgical research.
a solvent extraction-electrowinning recuperation t'ethod is planned in
order to obtain parameters for scale-up. A natural bacterial leachin.
process at Cerro de I'asco is being optitnised, and copper from effluent
solutions from both the mines and dumps 'is being recovered electro-
lytically.-'
INGEMMET has now built up a strong capability in the area of bacterial
leaching through applied R&D work on ore from MINEROPERU's mine at
Cerro Verde. Since the oxide zone at that site is now nearly depleted
it is planned to bacterially leach the reiiainin suiphide value. from
the previously sulphuric acid leached oxide piles and margtnal ore from
the underlying sulphiae zone. The installed capacity of their solvent
extraction plant may be adapted to recover the copper from the solutions.
MINEROPERU, lacking the complete capacity itself due to the resignation
of trained personnel, is planning to contract experts from INGEZIMET to
work with its own personnel at the mine site to develop and apply
bacterial leaching.
A R&D division was estab ished within COMEBOL as a consequence of the
Copper Project. App1.ed research was carried out there by the trained
team on the bacterial leaching of copper re from Tasna, and a pilot
plant programme was subsequently planned though not implemented. In
addition, some more innovatory research was carried out on marmatite
(zinc) concentrates from Colquiri.
Finally, the private sector in both Bolivia and Peru has shown much
interest in bacterial leaching. In fact, a former team member from
the CENTROMIN group, who was later contracted by HORSCNILD, is now
directing the development of two bacterial leaching projects for that
_I/ By extracting the copper in this way, the associated ferric ions in
solution are reconverted to ferrous ions and the previously acdie
effluent is no longer highly pollutant in the River Nantaro.
Similarly, one of the u.. or reasons for E:on's bacterial leaching
project at Los Bronces to avoid polluting i-he main river suplying
Santiago's water by the natural leaching o the overburden from the
mine.
finn. One is to be applied to marginal copper suiphide ore and the other
to silver concentrates.
When discussing "alternatives" to mineral technology development in developing
co.untries a major issue of concern is the accumulation of local resources and
skills in order to increase local participation in the development processfts -
of theirminr1&,sectãrs.
In relation to this the analyses of both the potential of bacterial leaching
technology and the application of it within the Andean Regiofl illuminate the
following four general points:
(1) Processes of technical change and innovation in the minerals sector, when
viewed at the project level, are highly complex. They are neither simply
R & D initiated nor without their own political and social context.
Bacterial leaching projects essentially require multidisciplinary teams
working closely with the, production sector (ie. not in city institutes
distant from the mine sites of intended application). These projects
require initial inputs from geologists, cooperation during implemetation
from mining engineers, and B. & 1) is an ongoing activity throughout the'
planning and operation of the process.
The Copper Project also illustrated the determining influence of the
attitude of decision makers with power to the possibility of the applica-
tion. of both a new and unconventional technology independent from the
multinational mining companies that are usually contracted to implement
technical change. Each case of intended application of bacterial leaching
in the Andean Subregion had a crucial example of one person's enthusiastic
commitment to the technology.
A microbiologist from a Lima University,who also worked at the Toromocho
project,is included in the team.
The analysis of the Copper Project indicates the fundaxnezital input that
technical knowledge makes to technology policy formulation and project
planning and coordination. The project'sarthitect ias a metallurgist
who had direct production experience and also expertis in techuology
policy formulation. Although based in the Andean Pact he was able to
make links directly with the firms, encourage the teams, resolve problems
and àoordinate the technology transfer process checking as much informa-
tion as possible was supplied.
Following on from this emerges the necessity to accumulate and consolidate
both the technical 'iJ policy capability within organisations, rather than
persons,so that people leaving are agents of technology diffusion rather
than reasons for stopping a project. One of the reasons why the project
did not reach the production stage in Bolivia was because the knowledge
and experience gained from the training prograumtes and visits of the
fareigu experts nt consolidated. There were no internal training
prograes and very few jointly written reports. There were several resi.
nations and each new person entering the team had to begin researching al-
most from scratch. This meant several, excellent ideas were developed but
they went no further than the research stage. cENTROMIN, on the other hand,
concentrated on the Toromocho project, which was also the site of practi-
cal. training during the project.Information was shated, many joint reports
were written and a manual of detailed procedures for carrying out bacterial
leaching was compiled collectively. This largely explains the impressive
progress in bacterial leaching demonstrated by this firindespite changes
of personnel, and the diffusion of the technology to Cerro de Pasco (CEN-
TROMIN) and Pativilca (}forschild) by the trainees who resigned.
Throughout its duration the project illustrated both the benefits and
limitations of the international transfer of technology related inputs
both from developed countries and between developing c'untries for
10.
processes of endogenous r.echnical change Within the mineri'.s industry.
While foreign experts can effect a real transfer o technology through
training programs and accompanied site visits, their own economic
constraints (eg. the necessity to obtain xx?re contracts) and, their
different conception of technology generation (based on their developed
country experiences)1 can adversely effect technology transfer unless
the project is well and continously coordinated. For example, a four
phase training prograe was presented by the technology supplier. This
included: an introductioi to bacterial leachirR & 0; an evaluation of
the leaching potential of various mines; the design of leach dumps and
operation procedures; and, the continuous evaluatic:.n of the leaching
process. lie wrote that this would take about two yeirs to complete.
Rowever, eight years later the expert was still. recommending a continuance
of the role of his institute as a consultant.and the monthly sending of
progress reports and data to him for analysis. It emerges that an essen-
tial capability is to know to what extent and in what areas information
can be obtained from feign experts .nd at what stage the cooperation
should be terminated.
Furthermore,the technology suppliers were accustomed to carrying out
specific pieces of research under contract and suppling this directly to
firms for commercial application. This may explain their preocupation
with the R & D part of the process and their emphasis on the role of the
research ins titutues. Apart from being inappropriate for cite requirements
of a bacterial leaching project (see above) the special conditions of
developing countries,where R & D is often alienated from production and
the demand for technology is directed towards the industralised countries,
1/ That is technical chance designed controllert and implemented within the
countries concerned -whidils not to apply L::Lt foreign technology or experts
can not play at important role.
2/ Grupo de Poltica Tecnol6gica de la Junta del Acuerdo de Cartagena. -
coendaciones pzlra el Des: rollc de un irojr de Lixiviacin . Mine r-
les Margirtales Cobre en Perti, Cmile !:i.v'. J/AG/15, 12 SCt. 1j/2.
indicate the limitations of this approach. Detailed project planning,
which included the participation of the firms, and .e decision to carry
out R & D wi:hin thein,probably accounted for many of the projects achieve
merits.
Although the OMIBOL case, and to a much lesser extent the ENTROMIN one
demonstratE. the necessity to include those concerned with actual produc-
tion activities to ensure the optimal application of the technology.
With respect to technology transfer between mineral producing developing
countries the Copper Project indicated that while there are obviously a
vast number of technical problems of mutual interest their resolution
through cooperative endeavours is subject to many constraints. Variation
in composition and amount of reserves, differing costs of production and
levels of technical. advance as well as differences between each country's
state of political and economic development, mean that cooperation has to
be carefully planped..
The Copper Project clearly illustrated the advantages of joint seminar
courses and visits to sites of industrial, applications. Rowever it also
showed that effective technology transfer processes between developing
countries, are often more gradual than originally evisaged, especially
where no prescedent exists. This means that the dynamic for their conso-
lidation and continuation needs to be built into related policy so that
the process can continue after projects oficially end.
(4) Finally, and most important of all in relation to "altergatjve" technology
development for the minerals industry, is the tendency inherent within the
development of bacterial leaching technology which leads to the localisation
of the technical change process This is because of the intrinsic neces-'
sity for local capability accumulation and utilisation. This in turn
enhances control over technical change and, if conslidated, provides a
dynamic for both technology diffusion processes and the application of the
12.
capacity to other areas of technology velopment. The ongoing require-
nients involved in optinilsating bacterial leaching operations simularily
stimulate the accumulation of indigenous capabilities to effect incremen-
tal technical change which again leads to .sicreased lQcal participation.
the Andean Pact Copper Project this was manifested in the clear trend
for firms and institutes to reorganise them;elves in order to efficiently
develop and implement bacteria], leaching projects. ThI involved the
translation of the technical change activities, in some cases in spite of
the policy,not just to th industrial sects but also closer to the pro-
ductjo division withit the firm.
There are two principal reasons for this:
Firstly,the essential input which site-specific minittg, mineralogical and
metallurgical knowledge forms during the design and implementation of
bacterial leachidg projects.
Secondly, the sheer itiappropriateness and impracticality of trying to
develop parameters to optimise the envirorinent sensitive activity of the
leaching bacteria outside of the production sector and away from the
intended site of application.
In conclusion, as an alternative, or more exactly as an additional process route,
the development and application of bacteria], leaching technology in developing
countries would pose a challenge in two main areas:
Maxiiniaing the benefits of international technology transfer both from
developed countries and between developing countries.
Technology assimilation, adaption and generation.
Overall, given the context in which new mineral projects will be developed,
although accepting bacterial leaching will not be app iopriate in eveLy case,
it would appear that rising to meet this challenge would help maxiznise both
the economic and social. benefits from the development of the natural resources
Q the Sithen Hemisphere.
Alyson Warhurst
Science Policy Research Unit
University of Sussex
bvmber, 1982
XI This paper is based on detailed fieldwork results a'I analyses presented
in the forthcoming SPRU/UNIDO Report to be entitled; The Application of
Biotechnology in Developing Cowtries: The Case of M.iucral Leaching with
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Fezosu for Outside Purchases and Imports of Parts, Materials and
Supplies Cited by Elecaonscs and EkcuiJ Goods Establishments
Type of Establishments (No.)
Table 14
Comparison between Foreign and Local Sapplies to Electronics and
Electrical Goods Establishments
IL






Reasons For Outside Purchas
z
Not M'ailable Locally 7 7 1 15 78.9
Purchases of Parent Company 0 0 1 1 5.3
Better Quality 2 0 0 2
More Stable Supply 1 o 0 I
Reasons For Imports
Not AvaIlable Locally 9 9 4 22 84.6
Cheaper 1 1 1 3 11.5
Pone Status -O 0 1 1 3.9
Total Number of Lstablishtnents 10 10 6 26 100.0
Local Supplier is: -
Type of Establishments (No.)




Consumer Elecuonic Others Total
:; Products Components
C
Poorer 5 5 2 12 70.6
Equal 0 2 1 3 17.6 z
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FEFACE
UNIDO's programme of technological advances aims at sensitizing
developing countries to the potentials and limitations of emerging technological
advances and strengthening their capabilities to make use of such advances,
whenever appropriate. The programme includes activities in the field of
genetic engineering and biotechnology. A meeting of eminent experts in this
field was held at Vienna from 4 to 6 February 1981 and, following one of the
meeting's recommendations, a group of experts prepared a report on the establish-
ment of an International Centre for Genetic Engineering and Biotechnology.
Future activities envisage inter alia national-level workshops on the
potentialities of genetic engineering and biotechnology for industrial develop-
ment for industrialists, scientists and policy-makers of developing countries.
In order to provide developing countries with information on ongoing
assessments of genetic engineering and its impact on industry, the secretariat
of UNIDO considered it useful to prepare a paper based on 'Inrpacts of aDDlied
genetics: micro-organisms, plants and animals" (April 1981) prepared by the
Office of Technology Assessment, United States Congress, United States of
America, but covering industrial sectors only.
The paper has been prepared by the UNIO secretariat for the purpose
stated earlier and does not constitute an official paper of the Office of
Technology Assessment.
INTRODUCTI ON
In recent years, biotechnology in general, and genetic
engineering in particular, have shown that they could contribute to
filling some of the most fundamental needs of humankind.
Biotechnology is the industrial process which .itilizes living
organisms or their components. Genetic engineering concerns the
directed manipulation of the genetic material itself. This process,
which involves recombinant DNA, (rDNA) and the chemical synthesis of genes,
could increase the size of the gene pool for any one organism, thus makinr
available genetic traits from diverse populations. Genetic engineering
can help improve the speed, efficiency and productivity of biological systems. It
uses a technique, at the laboratoxy leveL, which allows modification of the heredi-
tary functions or the cell. The population of the alterea iaentical celitnat grows
from the first unchanged micro-organism is, in turn, used for various
industrial processes. It is within this framework that the impacts of applied
genetics in the various industries is examined.
Regardless of the industry, the same three preconditions must be met before
genetic technologies can become commercialJ.y feasible. They are:-
a useful biological product:
a useful biological fermentation approach to coercial
pro duct ion.
a useful genetic approach to increase the efficiency
of production.
All three conditions are interrelated and can be met in any order. The
demonstraticn of usefulness, however, can begin with any of the three.
Thus, the commercial potential varies with each
product. In some cases, the usefulness is already shown and the usefulness
of genetic engineering must be proved. In others, genetic engineering
makes production at the industrial level possible, but the market is not
established, and in others, feasibility is the major problem.
The time horizons (5, 10, 15, 20 years) for the commercialization of
various rroducts using genetically engineered micro-organisms are presented in an
annex. The estimated value of these products is billion.
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I. F TAIG1 TECHNOLOGIES
A. General View
The oldest user of biotechnology is the food industry where
micro-Organisms are used to ferment food and beverages. It is
estimated that approximately 700 companies throughout the world use
fermentation technologies to produce a variety of products.
Originally, fermentation technology involved the use of h,cterja to
make yoghurt or of yeast to ferment wine. Recently, however,
fermentation technolor ut:Ilizes cells from higher plants arid
animals under growth conditions known as cell or tissue culture.
In all, cases, large quantities of cells with uniform characteristics
are grown under defined controlled conditions.
In its simplest form, fermentation consists of mixing micro-
organisms with a solution arid allowing the components to react. The
more sophisticated large-scale process requires control of all the
variables so that fermentation proceeds smoothly and the process
can be reproduced with the identical quantities of starting material.
Generally, products obtained from fermentation can also be
produced chemically and, less often, could be isolated by extraction
from whole organs or organisms. A fermentation process is
attractive when the analogous chemical process requires more steps
to complete the conversion. Furthermore, a chemical process would
invariably proceed via a series of intermediates which have to be
extracted and purified in turn before they are used in the next sten.
/hereas during fermentation, all steps take place within the micro-organisms.
B. izyme Technologies
Fermentation by live cells has provided the basis for designing
fermentation processes based on isolated enzymes. A single enzyme
situated within a living cell is needed to convert a raw material
into a product. Now if the enzyme responsible for the conversion
is identified., it can be extracted from the cell and ised in place
of a living cell. The purified enzyme functions exactly as the cell,
breaking down the raw material in the absence of a micro-organism
An enzyme which can convert a raw material to a product inside the
cell could also do this outside the cell.
Althàugh more than 2,000 enzymes have been discovered, less
than 50 are of industrial imortarice. However, two major features
make them attractive; their specifity and their ability to
function under relatively mild temperature and pressure conditions.
At the moment both whole cells and. isolated enzymes are
being used. and it is difficult to predict which will be more
prominent in the future. Although both have their advantages
and disadvantages, the role of genetic engineering in the future of
the industry will be partly determined by which is chosen. With
isolated enzymes, genetic manipulation can increase the supply of
enzymes whereas with whole organisms a variety of manipulations is
possible in constructing more productive strains.
C. The Relationship of Genetics to Fermentation
Applied genetics and fermentation technology are closely linked
because isolating a suitable species of micro-organism is the first
step in developing a fermentation technique. Until recently,
geneticists had to search for an organism that already produced the
desired product. However, through genetic engineering micro-organisms
can be made to produce substances beyond their "natural" capabilities.
The most striking advances have appeared in the pharmaceutical industry
where human genes have been transferred to bacteria to produce insulin,
interferon, groth hormone, etc.
The current industrial approach to fermentation technologies
addresses two problems. Initially, whether a biological process can
produce a particular product and, secondly, what micro-organism has
the greatest potential and how the desired characteristics can be
engineered for it. Finding the desired mIcro-organism and improving its
capability has now become a fundazental and important aspect of the
fermentation industry.
-1-
II. This PiAP.i.IACEUTICAL TTUSThY
A. Genera). View
The pharmaceutical industry,vhich was the last to adopt
traditional fermentation techniques, has been the first industry to
extensively use rDUA and cell fusion techniques. Genetic engineering
for the production of pharmaceuticals has two goals:
_to increase the level or efficiency of the production
o.f pharmaceuticals of proven or potential value;
to produce totally new pharmaceuticals and compounds
not found in nature.
The first goal has had the strongest influence on the industry.
it has been almost axiomatic that it a. naturally occurring
organism can produce a. pharmacologically valuable substance, genetic
manipulation can increase the output.
B... Potential Uses of Molecular Genetic Technologies
Polypeptides (proteins),vhich are the end-products of genes ,include
peptide hormones, enzymes, antibodies and certain vaccines. Producing
them has been the goal of most recent work in genetic engineering However,
it is merely a matter of time before complex non proteins like
antibiotics can be made through rDNA techniques.
1. Hormones
Hormones are the messenger molecules that help the body co-ordinate the
actions of various tissues. The most advanced application of genetics
today is in the field of hormones. Attempts a.t synthesizing htan
peptide hormones (e.g. insulin and growth hormone) gave genetic
engineering the necessary inpetus in that field.
There are tour technologies for producing polypeptide hormones:
(a) extraction from h=an or animal organs, sert or urine;
chemical synthesis;
('a) production by cells in tissue culture;
production by microbial fermentation after genetic engineering.
One major factor in deciding which technology is best for which
hormone is the length of the iiormonh amino acid chains. The low
molecular weight peptid.es can be chemically synthesized relatively
easily. Thus, the chemical synthesis of hormones up to 32 amino acids
(AA) in length can be competitive with those derived from biological
sources 5ince polypeptide hormones can also be synthesized genetically,
the practicality of doing so must be assessed on a case-by-case basis.
The main criteria necessary for assessing the practicality of one
method vis-.-vis the others are:-
cost of raw materials
the cost of separation, purification and. removal of
contaminants
labour and. equipment costs;
costs and suitability of comparable materials gathered
from organs or fluids obtained. from animals or people.
(a) Insulin
Insulin is composed of two chains (A and. B) of amino acids. Work on the
genetic engineering of insu.1.in has proceeded quickly and. both
chains of htmian insulin have been synthesized. It is worth noting that
while 2,000 1 of fermentation brew would yield. 1 g. of puriried insulin,
16 g. of animal pancreas would be required to produce the same
amount. Current research is under way to increase the yield. (the
average diabetic requires 2 mg of animal insulin per day).
Genetically synthesized. insulin, however, is not yet ready for commercial use.
The d.rug has to be approved by the United States Food. and. Drug Administration
(FDA) and marketed as a product as least as good. as the insulin oroduct oro-
duced. conventionally. The cliniöal rationale béhind ising . )thmaxi insulin is
due to the differences in structure among insulins produced by different
species. It remains to be seen how many patients will be better off with
human insulin and whether the side-effects -of 3.i&cetes, rutinopathy and ne;hro-
patby will be minimized.
Etr) Growth ornone
Growth hormone is another polypeptide hormone awaiting approval by the FDA.
It is a single chain volypeptid.e, 191 to 198 AA in length and is
essential for postnatal han growth. The secretion of insulin is
stimulated by growth hormone and the action of growth hormone in
the body depends on the presence of insulin. Han growth hormone,
apart from correcting dwarfism, is also found to be of therapeutic
value in other areas, namely:-
5
(1) senile osteoporosis (bone decalcification);
other nonpituitary growth deficiencies such as Thrner's
srrridrome;
intrauterine growth retard.ation
bleeding ulcers that cannot be controlled by other means
(v) burn, wound and. bone-fracture healing.
The preparation of micro-organisms with the capacity for synthesizj
growth hormones has been achieved..
Cc) Other Hormones
Other polypeptid.e hormones where rDNA synthesis is being attempted
include:-
Parathyroid hormone (8AA) - may be useful for bone
disorders, e.g. osteoporosis;
Nerve growth factor (j.i8 PA) - influences development,
maintenance and repair of nerve cells and thus. would be
significant for nerve restoration in surgerr;
(III Erythropoietin - glycopeptid.e mainly respønsible for blood
cell development, may be useful for haemorrhages, burns,
anaemia and other heemotologic conditions.
2. Imunoroteins
Immunoproteins are the class of proteins which are part of the
iimune system, e.g. antigens, interferos, cytokines and antibodies.
Since polypeptides are so relevant to immunology, developments in
genetic engineering will affect the entire field. Hence, genetic
engineering is expected to play a major role in controlling -
immunological runctions, particularly c.s it is the only known method
of synthesizing many of the agents that comprise immunopharmacology.
(a) Antigens (Vaccines)
Genetic engineering could produce harmless vaccines to fight
infectious diseases and scientists expect this areaa to benefit
greatly from genetic engineering.
Iunity from live vaccines is greater than that from non-living
antigens. This is thought to be because a living micro-organism can
create more antigen over a longer period of time, i.e. provide a
continuous "booster shot" effect. Thus, genetically engineered
antigens are expected to provide a stronger and. more sustained effect
than the conventional vaccines. Additionally, the conventional
vaccines, consisting of killed. micro-organistns,produce a certain
amount of side-effects.
Other vaccines which are expected to be produced via genetic
engineering are those to combat influenza, polio, diphtheria,
hepatitis and foot-and--mouth disease.
Genetic engineering could lead. to other uses of antigens as
veil: vaccines against parasites( e.g. hookworm, or malaria),
itunization regarding cancer treatment' and counteracting abnormal
antibodies against healthy tissues (e.g. multiple sclerosis).
Interferons
Interferon is a protein which is produced 'by a. variety of
cells when infected with a virus. It inhibits viral reproduction
and induces resistance in host cells. Additionally, interferon has
been found to have at least 15 other biochemical effects partly
involving other elements of the immune system.
Initial studies have shown interferon to be promising in the
treatment of viM), diseases, e.g. rabies, hepatitis, shingles and
various'herpes infections. Currently, several production methods
are being investigated, namely extraction from white blood cells,
tissue culture production and. rDNA. rDNA is thought to be the
key to mass production.
Since recent studies have shown interferon to be promising
in cancer treatment, interferon production has received tremendous
attention.
Lymhokines and Cy-tokines
Lymphokines and cytokines' are regulatory molecules studied
in iunology (interferon is often considered to be a lymphokine
that has been sufficiently characterised to be considered' independent).
Lymphokines, which are biologically active soluble factors produced
by white blood cells, are throught to be directly involved. in the
immune response system. Cy-tokines, which have similar effects to
lyrnphokines, include several compounds associated with the thymus
gland.
Both lymphokine,s and ytokines are believed to be effective
in treating cancer and genetic engineering is a useful tool for
synthesizing them.
() AntIbodies
Antibodies are proteins found mainly in the blood, system.
They are produced normally or in response to an antigen and.
characterised. by a specific reactivity 'with its complementary
antigen. Previously, all antibodies were produced from human or
animal blood cells. However, now they can 'be produced using rDNA.
This new high level of purity, not previously possible, produces
antibodies which are more specific, and, thus more effective. The
application of antibodies in medicine includes diagnostic testing,
improving acceptance of organs after transplants, and. fighting
certain tyes of cancer.
(e) nzymes and Other Proteins
Ci) Enzymes
Enzymes, the biochemical catalysts, play a small role in
therapeutic medicine. Biologically, they are considered to be
potent, versatile and diverse. Conventional methods of obtaining
enzymes are either via extraction from human blood., urine, or organs,
or production by micro-organisms. rDNA offers an efficient and.
mire economic method of synthesisirig enzymes.
The main use of enzymes in medicine is to treat haemophilia.
The most coon agents are Factor VIII and Factor IX both of which are
derived from han blood plasma. However, the risk of hepatitis
associated 'with human plasma-derived products is very high. Thus, the
need. for high quality pure enzymes 'which could be derived, from
rDNA is strong.
Another enzyme, roki used for removing blood clots (which
could lead to strokes, myocard.ial infarotions, etc.) is currently
produced either from urine or tissue culture. Here too, rDNA could.
provide a more economical method of producing the enzyme.
(ii) Other Proteins
The structural proteins such as the collagis (the most
abundant protein in the body), elastins, keratis, albumins,
globulins and many others could be produced through genetic engineering.
However, their widespread use in medicines has to oe established before
warranting rDNA snthesis on an industrial scale. One notable exception,
however, could be serum albumin which is a protein in blood plasma. Its
main therapeutic use is to reverse the effect of shock. It is envisaged
that the United States Department of Defence, for example, may find it
valuable to have a ready source of human serum albumin rather than having
to depend on blood donors.
(iii) Antibiotics
Antimicrobial agents for the treatment of infectious diseases have been
the largest selling prescription pharmaceuticals in the world for the past
three decades. Most of these agents are antibiotics - antimicrobials
naturally produced by micro-organisms rather than by chemical synthesis or
by isolation from higher organisms. However, one major antibiotic, chi.orem-
phenico]. - originally produced by a micro-organism, is now synthesized by
chemical methods. The field. of antibiotics, in fact, provides most of the
precedent for employing microbial fermentation to produce useful medical sub-
stances.
Antibiotics are complex, usually non-protein substances, which are
generally the end-products of a series of biological steps. Not a single
antibiotic has had its com1ete biosynthetic pathway elucidated. This is
partly because there is no single gene that can be isolated to produce an
antibiotic. However, mutations can be induced within the original micro-
organism so that the level of production can be increased.
Other methods can also increase production and possibly create new anti-
biotics, for example, microbial mating. The tecbniue of protoplast or cell
fusion provides a convenient method for establishing a recombinant system in
strains, species, and genera that lack an efficient natural means for mating.
For example, as many as four strains of the antibiotic-producing bacterium
Strectomyces have been fused together in a single step to yield recomhinits
that inherit genes from four parents. The technique is applicable to nearly
all antibiotic producers. It will help combine the benefits developed in
divergent lines by mutation and selection. The value of protoplast fusion,
therefore, lies in potentially broadening the gene pool.
Pecombinant DNA techniques are also being examined for their ability tc
imnrove strains. Many potentially useful antibiotics do not reach their
connercial potential because the micro-organisms cannot be induced to produce
sufficient quantities by traditional methods. The synthesis of certain
anticiotics is controlled by plasmids, and it is believed that some plasmids
mar ncn-secifically enhance antibiotic production and excretion.
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iiv) Non-protein harmaceuticals
In both sales and quantity, over 80 per cent of the pharmaceuticals
produced today are not made of protein. Instead, they consist of a
variety of organic cheniical entities. These drugs, except for antibiotics,
are either extracted from some natural plant or animal source or are
synthesized chemically.
Developments based on genetic techniques to increase the production
and secretion of key enzymes could substantially improve the economics of
some presently inefficient processes. Currently, assessments are being
carried out by various companies to determine which of the many non-protein
pharmaceuticals can be manufactured more readily or more economically by
biological means.
(v) Impacts
It is worth emphasizing at this point that although genetic engineering
provides an efficient and economic method for synthesis of pharmaceuticals,
both the United States National Institutes of Health (NIH) and the FDA have to
assess and approve each drug before it can be made commercially available.
By making a. pharmaceutical available, genetic engineering can have two
types of impact. Firstly, pharmaceuticals which already have medical
promise will be available for testing (e.g. interferon). Secondly, other
pharmacologically active substances which have no known use will be easily
available for researchers to investigate their potential.
The ability of the new technology to increase and improve vaccine pro-
duction through rDNA is indeed a boon to the people of the developing
coi.intries. Antibody-based diagnostic tests, developed through rDNA may
include early warning signs for cancer.
Whether new pharmaceuticals are produced. or new production methods for
existing pharmaceuticals devised, future sources for the drugs may change.
Currently, the sources are diverse plants, animal organs, tissue culture,
cells and. a range of raw materials, but with genetic engineering, the choice
is narrower.
Given the above assumption, the immediate direct economic impact of using
genetic engineering in the industry can be estimated in billions of dollars.
While the indirect impact (sales for suppliers, savings due to decreased sick
days, etc.) is estimated to be several times that value.
III. THE CHE!ICAL INDUSTRY
A. General View
The organic chemicals initially used by humans to make useful materials,
(e.g. cotton, linen, silk, leather, dyes, etc.) were all obtained
from animals and. plants and. thus were renewable sources. At the
beginning of the twentieth century petroleum, which was relativelydbea,
began to be widely used as a raw.material. However, due to the rising
cost and. rapidly decreasing sources of petroleum, the chemical industry
is looking for alternatives. Most industrial analysts, therefore, expect
a shift back to the natural renewable resources referred to as biomass.
Genetic engineering will probably play an important role n enhancing
the possibilities by allowing biornass and carbohydrates to be converted
into chemicals. Biology is thus expected. to have a dual function
of providing both the raw materials and a production process for the
chemical industry.
The chemical industry is one of the largest and. most important
in the world. today. The main raw materials are petroleum, coal,
minerals (phosphate, carbonate) and. air (oxygen, nitrogen). About two
thirds of the industry is devoted to inorganic chemicals (lime, salt,
aonia, chlorine, hydrogen chloride, carbon dioxide) while the remaining
one third., which is the focal point for biotechnology produces organic
chem.icals (plastics, synthetic fibres, synthetic rubber, organic solvents).
A few industrial production processes utilise fermentation, e.g.
the production of citric and. lactic acids and various amino acids.
Citric acid, which is one of the major industrial acidulants, is
coercially produced by the 'mould Aaterillus niger. Lactic acid
production is based on the bacterium species Lactobacillus. Most, if
not all, of the amino acids have been the target for microbial
production. The two important ones in the chemical industry produced.
by fermentation are glutamic acid. (as a base for monosodium glutamate -
a ±lãrour enhancer) and lysine aid L-lysine (as animal feed additives).
- 12 -
!ew Drocess Itroduction
The introduction of biotechnology and. genetic
engineeririg the chemical industry ought to be regarded. not as the
creation of a new industry but as the revival of an old one.
The main advantages are envisaged. as the use of renewable resources,
less extreme conditions, use of single-step production processes and.
a reduction in pollution (e.g. a micro-organism could be constructed.
to directly convert cellulose in wood into ethanol).
Renewable Sources
During photosynthesis, plants convert carbon dioxide into
carbohydrates. Part of the carbohydrates are, in turn, converted
into the plant's energy requirements, while the rest are accumulated
as starch, cellulose, lignins and other materials collectively termed
as bicass. Now genetic engineering has the potential to alter the
chemical industry's dependence from petroleum-based raw materials
to biomass. Eowever, since the cost of carbohydrates and other
biological materials is also increasing the industry may be cautious
at this stage
Phvsjc.11v Mjl on'.itions
Chemical reactions can be accelerated by increasing the
temperatures and pressure or using a suitable catalyst. On the
industrial scale, however, a catalyst, in addition to high temperatures
and pressures is necessary to produce most organic compounds.
Enzymes can accelerate reactions without extreme physical conditions.
Such reactions occur in dilute aqueous solutions, mild. pH, ambient
temperatures and. atmospheric pressures
One Step Piod.uction Method
The chemical synthesis of compounds, invariably a multi-step
process,involves isolation and purification of each intermediate
before it can be used. Furthermore, the chemicals used and the by-
products of the reaction are often toxic and require special disposal.
In biological systems, the conversion is a single step process (although
several steps could occur within the micro-organism) minus the
unnecessary labour of purification.
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Li. Reduced Follution
Chemical reactions, both catalytic and non-catalytic, are
not ordinarily limited to making the end-product exclusively. The
formation of sideproducts and/or by-products and the incomplete
conversion of starting material are common phenomena, When side-
products and by-products are of no value or when unconverted raw
materials cannot be economically recycled, waste disposal and.
pollution problems arise. A genetically engineered organism,
however, can be product specific. Additionally, biological processes
in general simplify product recovery. Furthermore, waste products,
if created by biologically-based chemical processes, tend to be
biodegradable as well as useful sources of nutrition.
The United States Environmental Protection Agency (EPA) estimates
that chemical and allied industries, in the United States Government and
industry together, will spend about $26 billion during the decade 1977-1986
to control air and water pollution. It has been speculated that if just
five per cent of the industries used genetic engineering, the monetary
saving on pollution could be $100 million ;er annum.
Industrial Chemicals That .Tay Be Produced by Diological Techno1oies
1. Overview
Two questions are important when assessing the feasibility or
desirability of producing various chemicals biologically They are:
which compounds can be produced biologically
(even theoretically)?
which compounds may be primarily dependent on genetic
technology, given the costs and. availability of raw
materials?
Virtually all organic compounds can be produced biologically.
Three variables affect the answer to the second question: the availability
of an organism for the conversion, the cost of the raw material and.
the cost of the production process.
The constraints vary from conound to compound. However,
although the role ofgenetics must be on a product-by-product basis,
a few generalizations can be made. Overall, genetic engineering
will have an impact on three processes:
Aerobic fermentation - which produces enzymes, vitamins,
pesticides, amino acids, nucleic acids and other
speciality chemicals - is well established arid should be
allowed to grow. Production of both complex biochemicals
(antibodies, growth factors and. enzymes) arid less
complicated molecules (amino acid.s and. nucleotides) is
expected to increase;
Anaerobic fermentation - which produces organic acids,
methane and solvents - is an industrially expanding area..,
The main constraint on the production of other organic
acids and. solvents is a. cheaper method. to convert cellulose
into fermentable sugars
'c) Chemical modification at both aerobic and. anaerobic
fermentation products has promise. Biological technologies
which operate at atmospheric pressure and ambient tempera-
tures can replace the harsher physical conditions of the
chemical, technologies. This has already been attempted
for ethylene glyco]. production which is awaiting patent
approval.
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2. Fertilizers, Polymers and Pesticides
Fertilizers
The industrial production of nitrogenous fertilizers requires
large amounts of gaseous ammonia (which in turn is made from petroleum
by-product) and extremely high temperatures and pressures. The
enzymatic conversion of atmospheric nitrogen to ammonia, nitrogen
fixation, occurs in bacteria associated with the roots of
leguminous plants. Apart rrom the enzyme's sensitivity to oxygen
and the lack of understanding about its mechanism, the microbial
production of es"onia is not yet considered economically viable.
riowever, the genes for nitrogen fixation have been transferred into
yeast thus opening up the possibility that agriculturally useful nitrogen
can be made by fermentation.
Polymers
A large part of the chemical industry is involved, in polymer
production which is based on petroleum and its by-products. Since
polymers are built from monomers, which are chemically simple and.
available in relatively high yield from petroleum, their microbial
production in the near future is not expected. However,, the essential
impa:t of biotechnology on polymer production is expected to be
considerable. Most of the important constituents of cells are
polymers (proteins, polysaccharides, polynucleotides, etc.).
Since cells normally assemble polymers with high specificity,
the ideal industrial process would have to imitate the biological
rocess in every possible respect. A micro-organism would have
to convert a raw material into a monomer, followed by polyme.risation
and. then finally to form the end-product. A more likely application
would be the development of new monomers for specialized applications.
Since polymer chemistry is concerned. with studying how their properties
can be modified, it is conceivable that biotechnology could enable
the modification of both function and form.
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(c) Pesticides
The largest market in pesticides involves the chemical and microbial
control of insects. Althoughmicrobial insecticides have been around
for years, they comprise about five per cent of the market. However, recent
successes in developing viruses and bacteria which produce disease
in insects, and the negative publicity given to chemical insecticides,
have encouraged the use of microbial insecticides.
Of the 15,000 known species of insects, only 200 are sufficiently
harmful to warrant control or desttuction.. Fortunately, most of
them are sensitive to certain micro-organisms which, if they are not
toxic to humans, non-target animals and. plants, could be commercially
utilized as insecticides. Approximately 100 known species of bacteria
are pathogenic to insects. But only three (Bacillus popilliae,
Bacillus thuriniensis, and. Bacillus moritai) have been developed
into commercial insecticides.
Genetic engineering should. make it possible to construct more
potent bacterial insecticides by increasing the dosage of the genes
that code for the synthesis of the toxins involved. It may also be
possible to produce mixtures of genes capable of directing the
synthesis of various toxins..
D. Constraints on Bio1oica1 Production Technicues
The main obstructions to using biological production technology
are associated with biomass; these include:
competition with food needs for starch and sugar;
cyclic availability;
Cc) bio-d.egrability and associated storage problems;
(d) high moisture content for cellulosics and high
collection and, storage costs;
(e) mechanical processing for cellulosics;
(f) the heterogeneous native of cellulosics (mixtures
of cellulose, hemicellulose and. lignin);
(g) the need for disposal of the nonfermentable portions
of the biomass.
For food-related bioinass sources (sugar, corn, sorghun) there are
few, if any, technological barriers for conversion to fermentable sugars.
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However, if the fermentation of sugars is to be as profitable as their incorporatior
ito food, subsidies will je recuired.. For biomass sources
(agricultural and municipal wastes, wood:) technological barriers
exist in collection, storage, pretreatment, fermentation and waste
disposal. Furthermore, biomass has be transformed into sugars by
either chemical or enzymatic processes before fermentation can begin.
A second major problem is concerned with the purification stage.
Most fermentation products are in dilute solutions and concentration
is enerr-intensive.
Although developments in genetics show tremendous promise for
creating more versatile micro-organisms, they do not by themselves
produce cheaper fuels or plastics. However, genetic engineering is
expected to reduce the production costs in many steps.
E. ImDacts
OvervLev
Cost of raw materials may become cheaper than the petroleum now
used (especially if cellulose conversion technologies can be developed).
The sou±ce of raw materials would be broader, especially since several
types of biomass could be interchanged when necessary. Raw materials
like organic wastes, could be processed both to produce products and
reduce pollution. But, the impact on total imported petroleum will be
low.
Impacts on the process include relatively cheaper production costs
for selected compounds. Additionally, milder physical conditions can
be used suggesting the process might be safer. Although chemical
pollution may be lower alternate methods of disosa1 or new ones must
be found for the micro-organism now used.
Impacts on products include both cheaper existing chemicals as
well as completely new products. Furthermore, new uses for enzymes
may expand and drive this sector of the industry.
Imoacts on other Industries
Although genetic engineering Will and can develop new techniques
for synthesising many substances, the direct displacement of any present
industry appears to be doubtful. Genetic engineering should be considered
as another industrial tool. It is misleading to refer to "genetic
engineering companies" as a new industry; the companies arose mainly
to convert micro-organisms with little commercial use into micro-organisms
with cocnercial potential.
Since genetic engineering is a relatively small-scale laboratory
operation, genetic engineering companies will continue to offer services
to companies where such expertise is lacking. Additionally, suppliers
of genetic raw materials may decide to expand into the production of
genetically engineered organisms. Finally, companies are beginning
to examine their by-products or waste products as possible sources of
conversion into useful products.
3. The Social ImDacts of Local Industrial Activity
Despite the extensive media coverage of rDNA iid associated genetic
engineering research, there is little, if any, evidence that people who
live near such companies are concerned about possible hazards.
Companies, so ±ar, have adhered to the NIH Guidelines.
1. Impacts on Manoower
Two types of impacts on workers can be expected:
The creation of jobs that replace those held by
others (e.g. a worker in chemical production may
be replaced by one producing the same product
biologically);
Creation of new jobs.
Workers in three categories would be affected:
Those involved in the fermentation production
phase of the industry;
Those involved in the R+D phase of the industry,
particularly professionals;
Those in support industries.
The number of workers involved in the production phase of biotechnology
represents the major impact of genetic engineering. Estimates of the
number of totally new jobs that would be created are speculative.
- i8 -
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IV. THE FOOD P±CCESSING INDUSTRY
General View
Genetics can be used in the food processing industry in two ways.
Primarily to design micro-organisms that transform inedible biomass into
food for human consumption or animal feed. Secondly to design organisms
that aid in food processing, either by acting directly on the food itself
or by providing materials that can be added to food.
Traditionally, micro-organisms were used to stabilize, flavour and
modify properties of food. Recently, efforts were made to control micro-
bial spoilage and to ensure that foods were free from micro-organisms
that may be hazardous to public health. These are the two major ways
in which microbiology has been useful.
Single-Cell Protein (scP)
Introduction
Interest in auientin the world's supply of protein has focused
attention on microbial sources of protein as food for both animals and
humans. Bacteria and/or yeast have been grown in large quantities to
supply SCP for consumption. The protein can either be consumed directly
as part of the cell or be processed into fibres. The idea of using SCP
as animal feed or human food. is not new; yeast has been used as food
protein since 1900. Recently, however, there has been a sudden
increase in research on SCP and in the construction of large-scale
plants for its production, especially yeast production. Soyabean, too,
is another quick source of protein and soyabean products are rapidly
increasing in popularity. hile significant research is directed at
the genetic improvement of soyabeans, genetic techniques are also being
investigated to increase the production of SCP. Thus, ironically, the
same tool (genetic engineering) encourages competition between the two.
Genetic Engineering and SCP Production
Many substances are being considered as raw materials for conversion
to SCP.
(a) Petroleum-based hydrocarbons - until recently the n-aikanes
(petroleum by-products) were suitable raw materials for SCP production.
At 3ritish Petroleum. mutants of micro-cranisms with an increased. Drotein content
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have been isolated. Muta.nts also have been found with other increased
nutritive values, e.g. vitamin contents.
Methane or methanol - relatively few genetic studies have
been directed at investigating the genetic control of the microbial
use of methane or methanol. However, Imperial Chemical Industries (Id) has
altered the genetic make_up of the bacterium so that the organisms can grow more
readily on methanol. The increase in growth provides an increase in protein
and has made production less expensive.
Carbohydrates - many carbohydrate substrates have been
investigated. Forests are the most abundant carbohydrate source
(as cellulose). But the cellulose must be transformed by chemical
or enzymatic pretreatment into glucose (the carbohydrate) before
it can be used by micro-organisms. Many of the SCP processes that
use cellulose employorganisrns that produce the enzy±ae cellulase,
and this degrades cellulose to glucose.
Recently, there have been some significant studies on the
production of cellulose by micro-Organisms. Some studies have also
been done on creating fungal mutants that, produce excess amounts
of cellulose.
3. Commercial Production
It is estimated that 2 million tons of SCP are produced annually
in the world. Most of this comes from cane and beet molasses,
and. about 500,000 tons from hydrolised wood wastes, corn trash
and paper mill wastes.
It is possible to design integrated, systems to couple food
production (or other "product" production) with SCP production
from wastes. For example, the waste sawdust from the timber
industry could be a source of cellulose for micro-organism. The successful
genetic engineering by ICI of a micro-organism to increase the
usefulness of one raw material (methanol) is the beginning of similar
attempts for other raw materials.
While SC? can be obtained from a wide variety of micro-organisms
and raw materials - the nutritional value and safety of each micro-
organism vary widely. So do the costs of competing protein sources
in regional markets. Thus it is not possible to accurately predict
the extent to which SC? will displace traditional protein products.
DisDiacements will continue to occur on a case-by-case basis.
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C. Genetics in Brewing, Baking and Winemakjn
The micro-organism of the greatest significance in the above industry
is yeast. Yeast was one of the first micro-organisms to be used n genetic
research. However, in spite of studies in yeast genetics, its applications
are few, for three reasons:
Industries already have the desired strains (from trial
arid error);
New genetic strains are not easily bred; they are
incompatible for mating and their genetic characteristics
are poorly understood;
Cc) Many of the important characteristics of industrial microbes
are complex - several genes are responsible for each.
Brewing
Due to the changing technologies in the brewing industry and
increased sophistication in the molecular genetics of yeast, researchers
have achieved new goals, for example, a low-carbohydrate beer
for diabetics.
Baking
Yeast with new properties for the faster fermentation of dough are
now being used. New strains, with improved biological activity, storage
stability and yield permit improvements in the baking industry. Previously,
most genetic application was in the formation of hybrid yeasts. The newer
genetic approach, however, which uses cell fusion opens up possibilities
of hybrids developed from strains of yeasts which carry useful genes
but cannot mate normally.
Wineinaking
Genetic research which was carried out with wine yeasts during the




Progress in developing strains of yeast with novel properties is
hindered by lack of suitable approved systems for using recombinant DNA.
So far, most of the work on polysaccharid.es has been on one particular
strain, but there is growing evidence that they coui.d. also .be produced
from other strains. However, elucidation of the biochemical pathway for
the synthesis of a particular microbial polysaccharide as well as an
understanding of the systems that control microbial production are
necessary before applying genetics.
E. Enzymes
Overview
Enzymes are produced for industrial, medical and laboratory use
both by fermentation processed (dsing bacteria, moulds and yeasts) and by
extraction from natural tissues. At present less than 50 microbial
enzymes are of industrial importance but patents have been given for
more than l000. This suggests that it may be easier to discover
new enzymes than to find a profitable market for them. Most enzymes
are used in the detergent industry and the food processing industry
especially for processing starch.
Food Processing Industry
If biotechnology is applied to the fermentation processes, a larger
number of enzymes will be made more available. Furthermore, genetic
engineering can open up commercial possibilities in the food industry.
Consider, for example, the enzyme pullulanase which degrades pullulan,
a polysaccharide, to maltose or high-maltose syrups, *
which enhance the colour and brilliance of jams and jellies. Additionally,
they also reduce the off-colour develcpent produced by heat in sweets and
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D. Microbial Polysaccharides
Polysaccharides are polymeric sugars which are used to alter or
control the physical properties of foods e.g. as thickeners, gelling
agents and agents to control ice Crystal formation in frozen foods.
Since polysaccharid.es are generally derived from plant sources
microbial polysaccharides have had limited use. To be economically
viable, a microbial polysaccharid.e has to be readily available, offer
new properties and be considered "safe". To date very few have reached
the cpxnmercial application level. The only one which is used extensively
used commercially is Xanthum gum which is produced from Xanthomonas
canoe stris.
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prevent sandiness in ice creams by inhibiting sugar crystallisation. Maltose
is also the least water-absorbent of the malto sugars and despite being
less sweet than glucose it has a more acceptable taste. Additionally, it
is fermentable, nonviscous, easily soluble and does not readily crystallise.
Pullulanase can also break down another carbohydrate, amylopectin, to
produce high amylostarches. These starches are used in industry as
quick-setting, structurally stable gels, as binders for strong transparent
films and as coatings. Their acetate derivatives are added to textile
finishes, sizing adhesives and binders. In food, amylose starches thicken
and give texture to sweets and sauces, reduce fat in fried foods and
stabilize the protein1nutrients, colour and flavour in reconstituted
foods e.g. meat analogues.
In view of the current shortages of petroleum-derived plastics and
tie need for a bio-degradable replacement, amylose's ability to form
plastic-like wraps may provide its largest industrial market - but that
market has not yet been developed.
If applications for the products made by pullulanase can be developed,
genetic engineering can be used to insert this enzyme into industrially
useful organisms arid to increase its production. However, since the food
processing industry can only use enzymes that are obtained, from sources
approved for food use, and. since the chief source of puflulanese is a
pathogenic bacterium,Klebsiella aeroenes, significant efforts have not
been made to apply genetics to imprQve production or quality. Perhaps
genetic engineering could transfer the pullulanase trait from O.ebsiella
aerogenes to a micro-organism which is approved for food use.
3. Sweeteners, Flavours and Fragrances
Biotechnology has had a marked impact on the sweetener industry. Due
to the availability of the enzymes glucose, isomerase, invertase and
amrlase, the productithi of high fructose corn sweeteners (i'cs) has been pro
i'itaale. For example, the Coca Cola Company uses five per cent fructose.
Although it is unlikely that sucrose will ever be made by micro-
organisms, the microbial production of low calorie sweeteners is a
distinct possibility. Three low calorie sugars, aspartame, monellin,
and thaumatin have been studied.
F. General View
An industry-wide impact is not expected due to the following three
reasons:
(a.) The basic genetic hnowledge of characteristics that could improve
i'ood. has not been adequately developed;
The food processing industry is cautious in its
expenditures on R+D for important processes; generally, they
allocate half as much as the more technically sophisticated
industries;
The products from the new microbial sources must
satisfy the FDA safety regulations; it may be possible to
reduce the amount of testing by transferring the gene into
micro-organisms that already meet FDA standards.
However, it is expected that the application of genetic technologies
will accelerate. The aim is to draw technically sophisticated companies
into the business.
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V. MINERAL LEACHING AND RECOVERY
Most genetically engineered micro-organisms are designed for contained
facilities. However, some are examined for usefulness in the open environ-
ment for purposes likemineral leaching and recovery, oil recovery and.
pollution control. Al]. three applications are characterised by:
use of large volumes of micro-organisms
less control over the behaviour and fate of micro-organisms;
possibility of ecological disruption;.
Cd) less basic R+D.
All micro-organisms interact with metals. Two interactions which 'are
of potential economic and industrial interest are, leaching metals from
their ores and concentrating metals from wastes or dilute mixtures. The
former would allow the extraction of metals from large quantities of
low grade ores while the latter would provide a method for recycling
precious metals and controlling pollution caused by toxic metals.
A. Microbial Leaching
when metals in ores are made soluble by bacterial action it is
termed microbial or bacterial leaching. Historical].y, the process has
been shown to be effective.
Leaching begins with the circulation of water through large
quantities of ore. The bacteria, which are naturally associated with
the rocks, then cause the metals to be leached. This is done by one
of two general mechanisms - either the bacteria act directly on the ore
to extract the metal or they produce substances (e.g. Thrric iron and
sulphuric acid) which then extract the metal. It has been shown that
addilig acid is not as efficient as using live bacteria. In fact,
empirical evidence indicates that some of the bacteria involved in
mineral leaching bind strongly to those minerals.
The application of the leaching process to uranium rraihing has
aroused considerable interest due to the possibility of in situ mining.
It has also 'been suggested that extending this practice to other mines
would be envirorntally beneficial due to the minimal disruption of
land surfaces. Although the process is slower than the current
technology, it is cheaper and simpler.
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B. Applied Genetics iii Stiain Improvement
Thiobacillus ferrooxidans is the bacterium most studied for its
leaching properties. Very little is known about the mechanism concerning
the leaching ability in the bacteria. This is because very little infor-
mation exists in two areas: the cheistrr o interaction between the
bacteria and the rock surface, and the genetic structure of the micro-
organism.
Due to the lack of genetic and biochemical information about these
bacteria, the ap.cation of genetic technologies to mineral leaching is
still spécu.lative. Progress is slow.
Even when scientific knowledge is gathered, two obstacles to the
ise of genetically-engineered micro-organisms will remain:
The need to develop engineering systems on a large
enough scale to exploit biological activities. A constant inter-
change between geneticists, geologists, chemists, engineers etc. must
.take place - ± . e. each must understand the needs and. problems of the
other. The answer lies in forming an interdisciplinary group.
This obstacle is enviroruaental. Introducing large numbers
of genetically engineered micro-organisms into the environment raises
questions of ecolog±csldisruption, as well as liability, if damage occurs
to the environment or human health.
C. Metal Recovery
The use of micro-organisms to recover metals from dilute solutions
has two goals, naxnelyto recover metals as tart of a recycling process and. to
iiuiiite any metal that may be a pollutant. The procesb t&tilizes
the ability of the micro-organisms to bind metals to their surfaces and
then concentrate them internally.
Studies have shown that micro-organisms can be used to remove
metals from industrial effluents. This is particularly useful for low
concentrations (10 to 100 ppm) where non-biological methods are
uneconomical.
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The economic competitiveness of the biological methods have still to 'be
proved; the genetic improvements, however, have been tried only recently.
The cost of producing the. micro-organisms has been a major contraint; ir
this can he reduced, the method might be useful.
Like other biological systems, genetic engineering may increase the
efficiency of the extraction process. However, the capability to select
cells with the genetic ability to accumulate large amounts of specific,




Oil production can be increased by the following three methods:
accelerating exploration for new oil fields;
mining oil shale and coal and converting them, into liquids;
developing new methods for recovering oil from existing
reservoirs.
There are three methods of oil recovery - primary, secondary and
tertiary. In primary methods, physical expansion is used to drive the
oil out of the formation. In secondary methods, a fluid (water, natural
gas) is injected into the reservoir to force the oil to tha well. The
tertiary method (also known as enhanced oil recovery (EOR)) is relatively new.
It uses chemical and physical methods to increase the mobility of the
oil - thus facil±ating other forces to drive it out of the ground. It
is here that genetic engineering could be used - e.g. a micro-organism
could be used to help bring out the oil. The tertiary method is good
for oil in sandstone and limestone reservoirs as well as for sands
d.nd 01]. shale.
A. Enhaned Oil Recovery
There are four EOR orocesses - all aimed at dislodzin crude oil from
its natural (geological) setting.
1. Thermal
The oil reservoir is heated which leads to a decrease in the viscosity
of the oil. Using the pressure of the air that is introduced, combustion
occurs which in turn forces the petroleum to the producing well. Thermal
processes cannot be irproved using genetic technologies.
Miscible Processes
This process injects chemicals which stand with the crude oil to
form mixtures that flow more readily. The chemicals used are alcohols,
carbon dioxide, petroleum hydrocarbons (e.g. propane, butane) and. petroleum
gases. A fluid (usually water) is used to push the slug of these
chemicals through the reservoir to mix with the crude oil and move to
the surface.
Alkaline Flooding, Polymer Flooding and Combined
Surfact ant/Polymer Flooding
Alkaline Flooding - sodium hydroxide, sodium carbonate or
other alkaline materials are used. to enhance the oil flow. Neither
natural nor geneica1ly enineered .tcro-organisms are considered
useful here.
Polymer Flooding - this is a recent and successful method
which depends on the ability of polymers to increase the viscosity of
water. Instead of altering the characteristics of crude oil, it aims
to make the injected water more capable of displacing it.
Combined - here a surfactant (detergent-like material)
is used to loosen the oil from the surrounding rocks, while the water
that contains a polymer (to increase its viscosity) is used to drive
the oil from the reservoir.
.. Other EOR Methods
This. includes many novel possibilities e.g. the injection of live
micro-organisms into a reservoir - these may produce any of the chemicals,
from surfactants and polymers to carbon dioxide, used in the niscib1e and
flooding process.
B. Microbial Poduction of Chemicals used in EO
EOR methods which use chemicals tend to be costr due to the cost
of chiicls. However, potentially useful polymers were found in the early
1960s and have been used since for oil recovery e.g. polyacrylamide and.
xanthan gum both of which can increase the viscosity of water in concentretions
as low as one part per t'aousand. Xanthan gum, which can be made by micr-
organisms,.has good viscous properties but it is expensive to make. Furtheore,
if it is not exceptionally pure, i: can plug reservoir cores. The fluid has
h arefu11v t remove hacterial debris before it is injected.
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However, it is possible to genetically engineer a micro-organism
which can overcome many difficulties; e.g. polysaccharid.es (polymeric
sugars), with improved properties, could be obtained by microbial
fermentation and used effectively.
Biological processes have disadvantages too, mainly in the costs
of appropriate raw materials and the need for large quantities of solvents.
Recent efforts to find cheaper raw materials e.g. sugar beet pulp and.
starch show promise. It is possible to overcome the problem of pre-
cipitating and concentrating the polymers by producing them in situ
(on the site). Micro-organisms can also produce butyl and propy].
alcohols that can be used as co-surfactants in EOR.
The lack of technical and economic data together with in-
sufficient field experiments makes the situation uncertain. Each
oil field has its own set of conditions and. laboratory tests are insufficient
to determine field conditions.
c. Use of Micro-organisms In Situ
If micro-organisms could be injected directly into wells
then the chemicals could be produced in situ (by the micro-organisms).
However, geophysical and. geochemical conditions in the reservoirs
seldom favour the growth of micro-organisms. The problems are:
high temperature, presence of sulphur and sodium chloride, low
oxygen and water, extremes of pH and engineering hurdles.
The micro-organisms must be fed and the micro-environment must
be carefullr adjusted to their needs at thousands of feet. However,
information from geomicrobiology suggests that this approach is worth
pursuing , e.g. injection of Bacillus or Clostridium species together
with a water suspended mixture of fermentable raw materials (cattle
feed molasses and mineral nutrients) has produced plenty of carbon
dioxide, methane, and some nitrogen in the reservoirs. The carbon
dioxide made the crude less viscious and the other gases aided in
redressing the reservoir pressure. Furthermore, large amounts of
organic acids formed additional carbon dioxide through reactions with
carbonate minerals. The production of microbial surfactants further
aided this process.
Although it was formally believed that reservoir pressure hindered
the growth of iicro-orgariizrns, recent data shows this is not so.
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However, the nicro-organism must be selected for increased
salt and PH tolerance.
EOR and Genetic nineerin
The current research approach is a two phase process.
The initial one is to find a micro-organism which can function
in an oil reservoir environment with as many of the
necessary characteristics as possible. The subsequent one is
to alter the micro-organism genetically to enhance its overall
capacity.
The genetic engineering of micro-organisms to produce
chemicals which can be used in EOR has been successful, whereas
the genetic engineering of micro-organisms to be used in situ has
been less successful
Constraints to Aonlyin Genetic Enineerin TechzloloEy in EOR
The genetic data base for micro-organisms that produce useful
polysaccharides is weak and thus theoretical studies cannot be
done just yet.
The biochemical data base for characteristics of both the
micro-organisms and their products is also lacking. There is
potential, however, for chemical reactions carried out by microbes -
this has to be further investigated. Furthermore, a classification
and characterisation system for the micro-organisms must be
devised.
The physical data base for oil reservoirs is limited due to
the uniqueness of each reservoir. No universal micro-organism or
method of oil recovery will be found. This is further complicated
by the lack of sufficient hysical, chemical and. biological
information about reservoirs - and without this it is not possible
to rationalise a constructive genetic scheme for strains. The
conditions have to be known.
There are three institutional objectives. Primarily since
most of the research results are confidential, the number of
available publications is limited.
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Secondly, neither the private nor public sector is
enthusiastic about the potential use of micro-organisms in EOR. The
biological approach has only recently been considered.. Thirdly, any
efforts to use micro-organisms must be multidisciplinary. Geologists,
microbiologists, chemists and engineers must interact.
The environmental and. legal concerns have also restricted
progress. Since microbial EOR methods require plenty of fresh
water, they could compete with municipal and. agricultural uses.
The immediate environmental and. legal concerns stem from the potential
risk associated by releasing micro-organisms into the environment.
When theorganisrns naturally cause disease or environmental disruption,
the use is limited. When they do not, the risk is always there.
Caution has to be exercised at all times.
F. Genetic Engineering for Other Aspects of Oil Recovery and Treatment
Two other aspects of microbial physiology are: the microbial
production of oiL.. muds or drill lubricants and. the post recovery
microbial treatment of oil. Drilling muds are suspensions of clay
and other materials. These lubricate the drill as well as counter-
balance the upward pressure of the oil. Microbially produced.
polysaccharides are being developed for this purpose.
The post recovery microbial treatment of oil concerns the
ability of micro-organisms to remove undesirable constituents from
the crude oil. Recently, three microbial systems have been
developed to help remove aromatic sulphur-containing materials -
a major impurity.
i. General View of Genetic Enginerin in Mining and Oil Recovery
The main thrust is in developing genetically engineered micro-
organisms in either mining or oil recovery. Both require land and.
materials such as fluids and. micro-organisms in large quantities.
Laboratory test results cannot be automatically extrapolated to
industrial applications. Furthermore, the variables in the
natural environment cannot be envisaged. However, due to the




Micro-organisms have been used for years to degrade and
detoxify human sewage. Mow, micro-organisms are used to tackle
pollution problems caused by industrial toxic wastes.
Pollution problems have been categorised into two areas -
those present for a long time in the biosphere (e.g. hydro-
carbons found. in the petroleum industry and, in human and, animal wastes)
and those which are the result of human inventiveness (e.g.
pesticides). Chemicals of'both sorts (due to various reasons)
often appear in places where they are hazardous to hi,mrn's or the
envirotment.
Microbes can control pollution in two ways: either by
enhancing the growth and activity of microbes already present at
or near the site of pollution, or by adding more and/or new
microbes to the site. Genetic engineering cannot aid the former.
However, genetic engineering could make a significant contribution
to the latter.
Some companies have already marketed microbes which could be
added to the site. In addition, certain microbes are geared for
specific problems, e.g. oil, sewage, etc.
The cities are cautious about adding bacteria to large
municipal sevarage systems, but the view that bacteria may be
useful in smaller installations and. for specific problems has.
gained support.
The resistance to genetically engineered bacteria is not universal.
Many industrial wastes are oxidised to non-toxic chemicals by
biological treatment in aerated lagoons. The process depends on
the presence of microbes in lagoons - the microbes that grow
best on the waste eventually dominate the microbial populatiàn of
the lagoon. Three companies now sell bacteria which they claim
are more efficient than the indigenous strains found. in the lagoon.
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There exists, however, a disagreement regarding the
value of adding microbes to decontaminate soils or
waters. One view contends that serious spills often
sterilise soils and. adding microbes is necessary for any
biodegradation, while the other argues that encouraging
indigenous microbes is more likely to succeed as they are
accustomed to the spill en'rircument
Thus, although genetics has not been much applied to pollution
control, the potential is strong. The constraints are:-
health, economic and environmental damage;
added organisms are unlikely to be a significant
improvement
Cc) selling microbes rather than products or processes
is unlikely to be profitable:
The factors which have discouraged development are:-
(a) no convincing evidence that microbes could remove or
degrade an intractable pollutant;
('o) the research required to produce marked. improvements
is inhibited.
In order to overcome this inhibition, governments need to
support the research, buy the microbes and. to provide for
protection against liability suits, Such a stand would help
protect health and the environment from the toxic effects of
pollutants.
j/ :To riarke-t lie a- resent
TIME HORI ZONS F'OR CO1'RC ILI ZTI ON
OF GENETICALLY ENIR STRAINS
Five years Current market value
(S million)
Amino acids (arginine, aspartate, cysteine,
glwtarnate, lyrine, phenyL3.lanine,
threonine, tryptophan) 1 4
zymes -airrlase, am.yloglucoridase, asparagin3.se,
Bacillus ;rctease, glucose isomerase, glucose
oxidase, pa;ain, pepsin, rerinin, tyrosine,
urokinase) 213
Fetide hormones (adrenocorticotropic horcne (.cm),
bovine growth hormone, endorphins,
1' iienkephalins, glucagon ,hu.rnan
growth hormone, insulin, vasopressin 264
Viral antigen5 (avian leukemia, avian yelob1astosis,
Eps-tein-Darr, hepatitis, herpes, hoof and
mouth, Rous sarcoma, rubella, varicella) ii. a.
Short eptides, nucleotides and miscellaneous proteins
(asPartame, ,lycine-hisidine-lysine, interferon, human
serwa albumin) 304
Pesticides (microbial) 2
Alih.tics (ethylene iycoi, ethylene oxide, glycerol,
itaconic acid) 1 225
1




Aromatics (aspirin, p-acetaminophenol) 99
Total 3 544
Ten years
Amino acids (rnethionine) 294
Vitamins (nicotinic acid, riboflavin, vitamin
12'
vitamin C, vitamin D) 561
nzymes (ethanol dehydrogenar e, hydrogenas e)




Fe;tide hcr'ones (ovine owth hor-cne, ;rcine oh
hormone)
Viral arrtigens (influenza)
Short Deptides, nucleotides and micellaneou nroteins
(51_, 51-GI, monoclonal antibodies)









Aliphatics (acetic acid, acrylic acid, adipic
acid, ethanolarnine, isobutylene, rethane,
pentaerythritol, ;ropionic acid, pro-
pylene glycol, sorbitol)
Arotnatics (aniline, benzoic acid, cresols, phenol)
Total
Fifteen years
Vitamins (vitamin E) 106
Viral antigens (reoviruses) n.a.





Gene retaratiois (hernc;hilias, tliailasemias)
Alihatics (is (2-e±:vlherl) adiate), critronella3.,
citronelll, geraniol, linalool, linalyl




















Five years 3 544
Ten years 17 506
Fifteen years 3 046
Twery years 258
Total 24 334
Tote: xcepz for aromaics .lihitics, rket d.ta represent
wor1th.d.e estirates. Lrket data for aroiatics and aliphatics
are restricted to the United States.
yo i
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A RE-APPRAISAL OF THE JOINT VENTURE AND TECHNOLOGY





Former Adviser to SONATRACH of Algeria
Introduction
State control of foreign-owned oil extraction operations in the developing coun-
tries is an irreversible historical process which is now more or less complete. Mean-
while the development and increasing geographical deployment of joint ventures
in the newly developed industries in the LDCs seems to have gone hand-in-hand
with the phasing-out of the concession system and other legal forms of foreign
property in the mining sector. Iran was the first major oil producer to take over
its oil industry, and it was also the first such country to apply the joint-venture
strategy to promote petrochemicals manufacture. In the 1972-73 period, certain
well-known Arab authors such as Sheikh Abdallah Al-Tariqi and Dr. Nicolas Sarkis
disagreed with the view that the Saudi Arabian Oil Minister Sheilch Ahmed Zaki
A1-Yainanj was then advocating, i.e. that participation in the oil indistry should be
strategic issue for the Gulf countries. That is not our position, since we take the
view that legal and formal retreat from the oil extraction sector is an ineversible
process being undertaken by the multinational oil companies in countries such as
hart and other oil exporting countries, be they Arab or not; this process was
!'istcrically connected with a fresh expansion of chemical refining and petro-
chemical processing on the basis of joint ventures'. Indeed, what happened in
West Asia and Arab North Africa, for example, was that a process which started
in Latin America was transferred to Iran and then increasingly to Arab oil ex-
porting countries. The striking fact is that this process is currently under way.
From a formal point of view, many people (to begin with, executives of oil majors
and petrochemical corporations) consider the joint venture as the least risky of
petrochemical ventures for a so-called developing country. While most of the
decision-makers in the OPEC and non-oil producing countries also share the same
conviction that various local constraints act on petrochemical ventures of their
own and make therislcs prohibifive, few people are very doUbtful of the social
or commercial profitability of joint ventures.
One can certainly level criticism at the use of sales of technology and know-how
as a privileged channel for the international transfer of value, and the oil-producers
were the first to suffer widelyfrom this. From this point of view, the joint-venture
can be seen as a means for the developed market economies to siphon off wealth
created by and in the non-integrated industries newly set up in the developing
co"ntrjes.Hnwyer, the sale of over-priced equipment and technology and what
ccu1d be called technological import substitution, can be no less disadvantageous
to the developing countries than the channels and mechanism of the joint-venture.
Source: OPEC REVIEW, Vol. II, No. 2
Vienna, April 1978
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This may explain two facts: (a) why many foreign companies are prepared to
adapt to projects financed by local or state capital and (b) how a developing
country can shift its position from one of opposition to the joint-venture to one
of active promotion. It also explains why some multinational companies are
quite prepared to sell off their equity share to the local associate - in most cases
the state - in a developing country. Japanese firms, in particular, have followed
this pattern in South East Asia.
In the analysis we shall examine the issues related to the role played by the joint-
venture in the development of the petrochemical industry in the developing world,
and consider the implications for OPEC Countries looking to strengthen their
operations in this sector. Firstly, however, we will briefly consider an important
type of joint-venture which for obvious reasons, is outside the scope of our study.
Joint-Ventures Between Oil Majors And Petrochemical Companies
The interpenetration of oil and petrochemical companies is a current fact of life.
In the case of Oil majors and large petrochemical companies, particularly in the
United States, ajointextensionof productioncapacity is increasingly being achieved
in the chemicals refining sector, via the joint-venture. In some cases, a major
petrochemical coup may start up its own independent crude processing plant, and
will then seek a partner and tra.n form the operation into a joint-venture which can
supply part of the crude and take a part of the production. In 1977, for example,
Dow Chemical, a leading US petrochemical company negotiated the sale of 50%
of its interests in its crude oil processing plant under constructiqn at Freeport in
Texas. The asking price was said to be some $250 million. The plant will process
some 180,000 barrels per day of crude, half of which will be supplied by the
partner, who will get in return half of the production. The plant, which is worth
significantly more On-stream than its original cost to the company, will enable
Dow to shut down some facilities by 1980, according to its Vice-president,David
Rooke2.
This tactic of postponed joint-sharing adopted by a major petrochemical company
to develop its vertical integration upstream holds three major advantages for the
company:
It obtains and partly secures crude oil supplies for the new plant through the
partner.
It reduces the marketing risks of the plant's production by transferring 50%
of that risk to the partner.
3. By selling a 50% equity at a higher price than the original cost to the firm
of its construction, it improves the company's financial position.
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One can argue about the "balance" of joint-ventures of this type in the light
of the two associates' respective contributions and advantages, but this would
lead us on to a case study of the interpenetration of the oil and chemical industries.
1. A Reappraisal of Joint-Ventures
Traditionally, a joint-venture operation is sought to constitute a specific pool of
functional factors of production, which,. when combined, lead to some form of
manufacture (or marketing). These factors are basically the following: funds
for investment, raw materials, technology and market outlets. On the basis of
combinations of these factors, the associates involved carry out a particular project.
While these partners judge their joint-venture indispensable, balanced and mutually
profitable, they will regard it as permanent3.
Many decision-makers may perceive a joint-venture as a relationship that can be
balanced in a way to be mutually beneficial and durable. The tendency of a joint-
venture to dislocate is, in their opinion, neither inherent nor inevitable. They
assert that all that is needed, is that when two or several partners get involved
in a joint venture, they need only regulate it and adjust its mechanism periodically,
thereby eliminating any eventual danger of imbalance and the folding-up of the
venture4.
To return to the main point of our analysis, however, we are primarily concerned
with the type of joint-venture seen in the manufacturing sector, which brings
together entrepreneurs from a developed country and statecontrolled or even
private interests in a developing country5. In such a case, the latter partner having
supplied the raw materials, most of the investment and probably outlets, sooner
or later comes to the conclusion that his deal with the partner is inequitable, or
unprofitable or not even indispensable. At the same time the industrialised partner,
fearing future nationalisation of his interests, does all he can to extract the maximum.
Indeed, this proves to be the objective of a partner disposing of technology, know-
how, marketing techniques and outlets, not to mention the factor of political
lobbying.
In fact, joint-ventures of this type reflect from the outset a power relationship
due to the hierarchy existing at the level of natural, compound and other factors
of production. In other words, the dominant partner, the one who owns at any
given moment the most indispensable and profitable factors of production, always
ends in turning the joint-venture to his advantage. Inevitably that joint-venture
will be dislocated.
But this is the result of a lengthy, historical process. It is only when industrializa-
tion within the developing country becomes far advanced and the state or local
entrepreneurs feel they are in a position of strength and confidence that the power
relationship of a joint-venture becomes balanced. We have seen this in the case of
Brazil, for example. In any case, determining factors will be political willingness
and the retention of economic sovereignty.
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Since industrial processes in the Gulf area are still in their infancy, and the eco-
nomic structures of most of its Kingdoms and Emirates are still vulnerable, joint-
ventures have been increasingly established since the sharp rise in crude oil prices
after 1973. Moreover, despite the fact that the economic recession, in generating
over-capacities on the market, has a contradictory effect6 on the relocation or
planning of new industrial projeàts, US and other oil companies, American and
European petrochemical groups and Japanese corporations are setting up
joint-ventures with local interests in the Gulf. The need to secure access, especially
at low cost,. to Middl East raw materials and, in several cases, to available capital
and local tax and price advantages, is behind this move towards the Gulf. Also
playing a determining role is the geographical location of this area, which is turned
towards major potential markets in Asia and East Africa as well as to existing
markets in Western Europe. These are the markets at which the US, European
and Japanese corporations aim.
2. National and Multinational Integrated Corporations and Industrial Relocation
Multinationals may push one another into redeploying and transferring projects
to developing countries. On the subject of oligopolistic matching behaviour,
Knickerbock demonstrated that in highly concentrated industries, US companies
typically matched foreign investment moves by rivals as part of their strategy of
risk minimisation. If one oligopolist established a foreign manufacturin operation,
others did the same, in order to be at least no worse off than the leader'.
In contrast to the generally held view, it is not the biggest and most multinational
corporation that forces the pace of world-scale location of manufacturing, but
rather small or med.iuxn-sizéd companies with a national or very limited multi-
national vocation, and which are only partially -vertically-integrated. Looking at
manufacturing as a multi-stage and integrated production process, the multinational
corporation is in possession of too many advantages: access to, and control of, raw
materials, long technological and manufacturing experience, large capacity and
wide financial autonomy. This in turn provides huge investment facilities, distribu-
tion channels, marketing skills and opportunities for political lobbying. Considering
the specific case of the petrochemical industry, which is a typical example of
multi-stage integrated manufacture, multinational corporations may be tempted
or even obliged to shift certain new plant projects. It will then split them, within
the limits of technological and market constraints, into several projects covering
different production stages in different countries.
2.1. Since chemical refining, the processing of basics and intermediates are assessed
as capital-intensive, the multinational corporation would carry out these production
sequences in countries which, for historical reasons, are the developing ones, rich
in raw materials and capital, and with small populations. Such projects are by
necessity export-oriented. This fact is borne out by recent experiences in the oil
exporting countries.
* By Middle East raw materials, we mean oil-associated gas reserves.
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2.2. Since downstream operations i.e. final-product manufacturing, are largely
labour-intensive, appealing directly to consumer markets, the multinational would
carry out this productIon in highly-populated developed countries where consump-
tion is high. Projects of this kind were originally set up of necessity in developed
countries, and then subsequently, in response to market needs, in a number of
developing couritries of Latin America and Asia. In any case it is not likely that a
multinational company would set up a fully-integrated petrochemical manufacturing
process in a well-populated developing country, because that country could orient
such a complex towards the home market, thereby severing it from the multi-
national conglomerate's world scale network.
2.3. It goes without saying that joint-ventures established with such a multi-
national in either of the two partial-manufacturing cases, can be looked upon as
a power relationship, disadvantageous to the developing partner. Export-orientation
is aimed more at strengthening the multinational's world-wide manufacturing
and/or marketing strategy than helping the weaker partner. This in turn can add to
the historical disintegration of the developing region to which the host country
belongs, with the latter being drawn into the multinational's developed home
nation or region.
3. Methods for Appraising the Transfer and Relocation of Integrated Plant
In countries such as fran, Saudi Arabia and Kuwait, multinational companies
have planned, or are already implementing, full-integrated petrochemical projects
(mostly export-oriented). We can appraise these projects in the following terms:
3.1. Projects of this kind are inherent to a market-type ecol&omy (i.e. export-
oriented and adding to the Western-controlled international petrochemical industry
and Western market economies as a whole). They are in line with that dynamic
known as the product cycle and the resultant manufactured products, such as
high and low-density polyethylenes, are already "common" products which very
quickly become "mature". This means that, with technological improvements,
they will hardly be competitive on world markets before the late I 980s. With
technological innovation, if not revolution, likely by the 1990s, these products
will thus be out of date. How can a multinational oil corporation offer more
sophisticated and more innovative products, when it is not itself considerably
involved in petrochemicals? Petrochemical companies are only too aware of the
need for them to maintain a substantial and dynamic differential between their
own know-how and processes and what they are prepared to concede and transfer
as techniques and products to a developing country.
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3.2. For some time now, the quantitative distribution of equity capital among
associated shareholders has been accepted and applied as a criterion for appraising
the balance in a joint-venture. When the equity is equally shared between foreign
interests and local capital (whether state-owned or private), then the joint-venture
is a balanced one. If foreign interests control the majority of the shares, the joint-
venture is more profitable for those interests than it is for the host country. In
the opposite case, many advocate the control by the developing host country
of the joint-venture operation so that these larger profits are kept in check. We,
however, take a different view from what is a rather simplistic analysis. Because of
both the unequal value of the different factors of production and their dynamics,
and the changing patterns of industrial processes in general - not only those of the
petrochemical industry - a different approach is indispensable if one wishes to
appraise this major shareholding aspect of the joint-venture.
3.2.1. As regards chemical refining, basic processing and afortiori, fully-integrated
manufacturing, multinational companies seek to put the larger part of the financial
burden of investment firmly on the shoulders of the oil-rich developing countries.
The National Petrochemical Company (NPC) of Iran negotiated in December 1976,
London loans totalling $360 million. This was raised as two separate borrowings
of $310 million and $50 million, from Chase Manhattan and Kuhn Loeb respectively.
The larger sum, guaranteed by the Government of Iran, will be used to finance the
ban-Japan Petrochemical joint-venture at Bandar-Shahpur and a fertilizer project
at Shiraz. The $50 mfflion loan, without government guarantee, is destined for
Shahpur Chemical Co., a wholly-owned subsidiary of the Iranian NPC. Of the
$310 million, $280 million is to be used to finance the Iranian share in the Iran-
Japan project (NPC and a group of Japanese multinationals led by Mitsui and Co.),
costing a total of $1 .833 billion, which centres on a 300,000 tonfyear ethylene
plant and other major derivatives units. Japan is providing $833.6 million, Iran
$366.4 million and $333 million will be raised from equity capital.
Japanese Mitsui and Co. gives a total cost of $1.5 billion for the Shahpur complex,
and a figure of 300 people to be employed in the project, once on stream. This
gives an average rate of S500,000 investment per worker, the most significant
Illustration of over- capitalization of projects in the Gulf and North Africa. The
remaining S30 million provided by Chase Manhattan is to be used by the Iran
Fertilizer Co. to expand four product lines at Shiraz.
The $50 million loan will be used for general expansion of Shahpur Chemical's
production facilities, to finance the 1,000 ton/day ammonia and 1,500 ton/day
urea plants under construction at Bandar Shahpur. Both loans will be at an interest
rate of 7/8 per cent above the London Interbank rate. The larger is repayable over
eight years, while the Kuhn Loeb loan is for a period of seven years.
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Bearing in mind the fact that Qatar was obliged to raise $230 million to finance
its future equity in the QAPCO petrochemical complex projected in the Emirate8,
let -us try to test how oil and petrochemical corporations overcome financial
constraints and conclude joint-ventures with developing countries.
3.2.2. In the case of petrochemical corporations, financing new investments is as
much a structural constraint as an urgent and long-term need to extend geograph-
ically and develop vertically both their manufacturing processes and markets.
For more than 20 years, chemical companies have been shifting away from carbon
to naphtha (and natural gas) feedstocks. By depriving Middle East oil-exporting
countries of their rightful rent for their oil, the oil company cartel - only formally
dissolved after the Second World War - was able to apply artificially low selling
prices, thereby making available cheap refinery products as feedstocks to Western
and Japanese petrochemical industries. In this way, petrochemical companies
were able to share rent and profits from crude oil.
The conversion from coal-based chemicals manufacture to petrochemicals gave
a dramatic impetus to the developed countries' production and consumption.
Thanks to the new low-priced feedstock and the highly profitable oligopolistic
characteristics of the market, the petrochemical industry was able to finance
itself from its own resources to the tune of a figure approaching three quarters
of its past investment. At the macro-economic level, the industrialised home coun-
tries of those companies allocated to petrochemicals promotion, on average,between
0.6 and 1.6% of their gross fixed capital formation and what was equivalent to
0.15 to 0.2% of their Gross Domestic Product. The world range was in fact larger,
varying from 0.15 to 0.4% of GDP.
For short and longer-term petrochemical investments, BEICIP, the French state-
controlled engineering consultant, estimates, on the basis of assessed planned
projects, short-term petrochemical investment over the period 1977-1980 at
0.16% of GDP, and forthe years 1981-1985,0.17% of GDP. Rates of petrochemical
investment as a share of total gross fixed capital formation forecast for the next
nine years are likely to be similar in relative terms to those assessed over the years
1960-1974. Nevertheless, the international petrochemical industry will have to
raise its investments substantially - considered in absolute terms - between now
and 1985. Due to dramatic, though insufficient increases in crude oil prices, not
much higher in rca! terms than those in operation in 1974, feeds and energy costs
have multiplied (in the case of naphtha, for example, by some 300%) . Given also
the prevailing economic recession, it is not difficult to see why profits in the
petrochemical industry have declined in recent years. With ti-ic increasingly urgent
need to reduce raw material requirements and costs by changing fundamentally
the patterns of technology and manufacturing, it can be assumed that the petro-
chemical industry has to a large extent lost its comfortable financial autonomy
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The highest indebtedness ratios were those of the first three companies - Hoechst,
BASF and Bayer - all West German; the eighth, Italian company Montedison;
the fourth, British ICI; and the ninth, French company Rhone Poulenc - in other
words all West European corporations. By contrast, American companies such as
Du Pont, Union Carbide and Monsanto had the lowest ratios9. If we compare
long-term and short-term debt, ratios for the rt range appear systematically
higher than those for the second, except in the case of the French group, R.hone
Poulenc. Long-term indebtedness ranges between S3.6 billion for the German
company, Hoechst, and $0.9 15 billion for the US company, Monsanto. Short-
term indebtedness ranges between $2.8 billion in the case of Hoechst to $01 17
billion for Monsanto. In any event, as a result of losing their major advantage of
low-priced gas feedstock and converting to naphtha (because of the growing US
oil shortage and increased imports), thereby joining their West European and
Japanese competitors, US companies predict steady rises in their indebtedness
ratios. By becoming increasingly less competitive in export markets, those American
companies will be more and more inclined' to establish joint-ventures at home and
abroad.
It is not difficult to demonstrate how state intervention in Western Europe in
general, but especially in France, Italy and West Germany, helps on a local or
national basis to secure company finances and improve their prospects. In France,
for example, state intervention to marry public and private domestic oil interests
has persuaded such companies to move into petrochemicals on the basis of struc-
tural subsidising. Take, for example, the merger between state-controlled Elf-
Aquitaine and the private/state company CFP, to form ATO-Chimie, which later
absorbed or took control of private, and specifically French, chemical companies.
The French company, Rousselot, the world's number one gelatine producer,
almost caine under the control of British Petroleum, until the French authorities
intervened and put pressure on the company to become a 66% subsidiary of the
French state-controlled ATO-Chimie (itself a joint subsidiary shared by the state-
controlled Elf-Aquitaine and Total). The French government also intervened to
prevent private fertiliser company, Gardinier from being bought out by a Dutch
company under the j,artial control of the Anglo-Dutch multinational, Shell. Instead
it gave the French chemical and textile concern, Rhonc .Poulenc, 'the opportunity
to acquire Gardinier10.
The French are pushing ahead with theIr current activities so attain the first up-
stream phase, further chemical refining and, also direct feedstock supplies(basically
oil, but also associated gas), in order to gain access to, and drain the maximum rent
from, oil and gas. At the same time they are retreating from loss sectors, such as
synthetic fibres, and closing certain fibre and plastics plant' Thus the reshaping
of the patterns of manufacture and production is stimulated by access to and
control of the feedstock, and enhanced by the need to extend existing markets and
mobiise those which are latent or potential, especially in the developing countries.
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Under these circumstances, heavy investment for the petrochemical companies
is as much a method of escaping their present structual crisis, as a means to further
develop their multinational dimension and vertical integration, whereby they
quite naturally seek developing countries which are rich in oil and gas resources
and capital, as well as those offering cheap labour and potentially large markets.
Since crude oil prices increased naphtha prices by about 300%, petrochemical
companies have expanded chemical refining joint-ventures with the major oil
companies, as well as processing and integrated petrochemical complexes with
those Middle East countries with plentiful oil and gas supplies. They have extended
their joint-ventures in Iran'2 and inaugurated a similar policy in Saudi Arabia13.
For these companies such a policy has the double advantage of giving them direct
access to and an opportunity to co-exploit, Middle East oil, or more particularly
associated gas supplies, and also of adding to their financial reserves. From a
strategic point of view, these new ventures provide them with significant supplies
of ethylene, and to a lesser extent, of styrene, monomers and plastics with which
they can compete on Afro-Asian ani Southern European markets. For the price
of their experience in petrochemical technology, these companies obtain raw
materials, financing facilities, bulkproduction and strategic export bases.
3.2.3. Oil multinationals, as everyone is aware, are distinguishable by their sub..
stantial financial resources. Their indebtedness rates lie well below those of chemi-
cal companies, but they are investing heavily to extend their concentration in oil
and gas to acquire an "all-energy" concentration.
Some Western experts fear that the international oil companies are deliberately
refraining from looking for new oil supplies in unstable areas of the world, such as
the Middle East, where prospects still look best. Whether this is true or not, it
cannot be denied that they are directly interested and actively involved in research
and development of new oil and gas resources in the North Sea, Alaska, parts of
offshore Africa and the China Sea.
It is worth noting that plans are afoot in the International Energy Agency (lEA)
to study whether or not oil companies are prospecting for oil in the right places'4.
Ultimately the coordination of the R & D efforts of US and European oil multi-
nationals could be envisaged with those of their own home governments, according
to lEA thinking.
According to Chase Manhattan sources, about 51.5 billion, or two-thirds of the
additional capital spend by the world's 21 major oil companies in 1976, was
related to the exploration and development of petroleum resources. As a proportion
of total expenditure in 1976, 62% was concentrated in the United States, compared
with 58% in 1975. In fact, energy diversification had been started by major oil




US. Oil Multinationals and Companies' Involvement in New Energy Sources
Before Oil Price Increases
TABLE B
Companies'share In the Production of Amerin Coal












Exxon 203 + + + + + +
Shell 14.6 + + + + +
Texaco 8.6 + + + + +
CulfOil 6.2 + + + 4 + +
SoCal 5.8 + + + + +
Atlantic Richfield 33 + + + + + +
Continental Oil 3.3 + + + + +
AshlandOil 1.8 + + + +
Sohio 1.4 + + + +
KerrMcGee 0.7 + + - +
Coal Subsidiary Parent Company Share of total
US production
Peabody Kennecott-Gulf Oil 12.5
Pittsburg and
Midway Coal Gulf Oil 1.3
Old Ben Coal Standard Oil of Ohio 2
Monterey Coal Exxon 0.2
Island Creek Coal Occidental Oil 5.1
Arch Mineral Co. Ashland Oil and Refining 0.2
Consolidation Coal Continental Oil 10.8
32.1
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As oil becomes scarcer and more expensive, coal is expected to take over a
number of tasks which oil performs today. The major international oil com-
panies are ahead of the trend toward coal. For the last three years or more,
they have been buying coalfields and coal rights whenever they could find
investments on a suitable scale. Oil money -is being used to mine coal in the
U.S. and Australia, and negotiations are going on in several countries. Royal
Dutch Shell has announced major new coal mining investments in South Africa
as part of its policy to develop an integrated international coal business, both
as producer and marketer. Over the next ten years, Shell is to invest well over
S875 million in exploiting coal around the world.'5 Development of this kind
might have a strong impact on the petrochemical industry's future move to
coal-based feeds.
Oil multinationals are simultaneously investing, especially in the U.S., Northern
Europe and Canada, to develop to the full their downstream operations (petro-
chemical manufacturing). On the basis of past and more recent practices, it is
likely that their financial capacities are higher than has been assessed. The
calculated lobbying for more profitable and efficient taxation and pricing
policies by the governments of the U.S., Western Europe and Japan supports
us in this conviction.16
An example of this trend can be seen in the following case. Canada's Imperial
Oil Ltd., a 70% subsidiary of US Exxon, has applied to the Alberta Energy
Resources Conservation Board for approval to build a $4 billion heavy oil
recovery plant at Cold Lake on the northeastern shores of the province.
3.3. Marketing and Exporting Strategy Associated With the Joint Venture
Chemical refining, along with basic and intermediate processing, are the largest
scale, and most capital-intensive of all petrochemical manufacturing stages.
Indeed, it is largely at these very first stages of the industry that we mostly
encounter the technical constraints and commercial implications of the eco-
nomies of scale. Some developing countries, rich in oil and associated gas, are
promoting huge basic processing capacities, thereby setting their sights on
petrochemical exports for the mid-i 980s. These countries are Saudi Arabia,
Iran, Kuwait, Qatar, Libya and Venezuela.
3.3.1. Appraisal of Commercial Options Within Joint Ventures
When faced with exporting large, new, locally-manufactured production,
developing countries have to choose between marketing these products inde-
pendently or facilitating the emergence of new multinational channels and
structures for marketing and distribution. As we have already seen, wherever a
developing country enters into a joint venture, industrial promotion becomes
a stimulus to, if not a base for, extending multinational manufacturing and
trading channels.
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Thus, the very definition and performance of future export policy become
dependent on the multinational's commercial strategy. Most OPEC Countries
sought the solution to their export problems in the marketing of products
through multinational oil corporations or major petrochemical companies within
the framework of joint venture projects. The question we may legitimately ask
ourselves her; however, is whether those countries will actually ensure pro-
motion of projects by making the choice, or will they rather cover their partners'
nsk by supporting the new petrochemical deployment of oil?
This is demonstrated by the 50-50 joint venture operation, entered into by the
Saudi state-owned corporation SABIC and Shell, to build a complex in Yanbu,
a petrochemical and industrial zone and harbour in Saudi ArabiL At least
1.5 million tons of LNG-derived naphtha produced in the complex from local
raw materials will yield 450,000 tons of ethylene, 300,000 tons of caustic
soda and styrene monomer, as well as 45,000 tons per year of ethylene di-
chloride. The complex is due to go on stream by the second half of 1981.
Production will be largely export-oriented and Shell will handle marketing
in Southeast Asia, Japan, Europe and the U.S. The above products are highly
competitive, and there is known to be large potential for their marketing.
On the other hand, for petrochemical corporations associating with major
oil exporting countries in the Gulf, the joint venture is an operation which can
assist them to build export platforms close to raw material sources and nearer
to existing or potential export markets. In other words, they "counterattack"
in the highly competitive and crisis-affected petrochemical markets, while
seeking at the same time to establish overseas manufacturing plant and extend
markets.
An illustration of this can be seen in Saudi Arabia's SABIC joint petrochemical
venture with the U.S. petrochemical corporation Dow Chemical. In order to
establish a location in Jubail, another central petrochemical and industrial zone
with harbour, Dow will run an ethylene-based petrochemical complex. Dow and
SABIC will set up and run an ethylene-based petrochemical plant which will be
export-oriented. By the mid-1980s, the plant will begin to produce ethylene at
the capacity rate of 450,000 tons, with both ethylene glycol and low-density
polyethylene being produced. Dow Chemical will be responsible for marketing
these products and this will consolidate Sand strengthen its inarketing overseas.
3.3.2.. Another significant joint venture is that operated by Qatar with the
French state-controlled chemical company C.d.F.Chirnie. Located in the
countTy's industrial zone of Umm Said, the ethylene-based complex will
produce 300,000 tons per year'of ethylene and 140,000 tons of polyethylene.
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The small French chemical company, which owns just a 16% stake in the venture,
will, nevertheless, be responsible for exporting production. Due to the size
and limited means of this company, the joint venture can be seen as a strate-
gic operation aimed at increasing funds, manufacturing capacity and market
outlets. While stabilising anl consolidating its position on the French domestic
market, C.d.F.-Chirnie is extending its export market by establishing an overseas
manufacturing and exporting platform, whidh has been interlinked with a
parallel domestic manufacturing joint venture in Dunkfrk (France).
3.33. Alternative to Joint Venture-Linked Export Strategy
By entering into joint ventures with Western oil multinationals or increasingly
multinational petrochemical corporations, oil and gas exporting countries of
the Gulf alienate themselves from their legitimate right to decide later on their
future commercial partners. Because of the divergent and contradictory stra-
tegic interests of their partners (in oil and petrochemicals; American, West
European dr Japanese), the Gulf states may find themselves victim of fierce
and harmful. intra-regional competition for export markets in the future. In
fact, what they really need to do is to develop a courageous, far-sighted
marketing policy based on state-to-state subsidised exports to potential markets
in the developing and socialist countries. This could bring guarantees of lasting
benefits, both for Arab and Gulf producers and to their potential partners,
through a restructuring of the Arab region's halting integration, and the
promotion and intensification of balanced, inter-regional, multi-product trade
and financial cooperation.
3.3.4. Developed Markit Economies' Subsidising of Petrochemical Exports
It is worth bearing in mind that, as in the case of Japanese steel and petro-
chemical plastics, governments of developed capitalist countries defend and
support the export policy of their domestic petrochemical companies. While
preaching free enterprise and advocating the market economy, those govern-
ments practice a "reverse protective policy" by subsidising exports of private
petrochemical corporations. Authors dealing with industrial strategy regularly
stress government subsidies to import-substituting or export-oriented manu-
facturing in the developing countries. But in the developed market economies,
too, export subsidies have become commonplace. The U.S. Government and
the European Economic Community (EEC) recently responded to protection-
ist claims of their respective steel industries so as to limit the degree and harsh
effects of international dumping on manufactured goods markets brought
about by the current economic recession and structural crisis.
In Great Britain, the state has subsidised feedstock supplies to major British
private chemical companies. a typical example being the long-term North Sea
gas supply deal recently made between the state-owned British Gas Corporation
















































































































































































































































































































































































































































































As far as U.S. petrochemical companies are concerned, these companies are
able to make up for their financial deficiencies by extending their production
capacities and markets through complementary internal and external joint
venture strategies. Internally they are seeking investment financing or new
chemical refineries and indirectly selecting sophisticated petrochemical pro-
ducts, in cooperation with financially strong oil multinationals and other major
petroleum interests in the United States.
3.5. Major U.S. petrochemical companies. are. entering into joint venture
operations with the principal oil and gas exporting countries of the Gulf,
specifically in the fields of chemical refining and basic and intermediate pro-
cessing of a typically capital-intensive type, with close proximity to raw
materials and export markets. The financial contribution is as important here
for those companies, as is the very high cost of transporting abandoned local
raw materials.
3.5.1. With developing countries, both with oil and without, and which are
or could be major consuming countries, U.S. petrochemical companies will
probably increasingly follow the example of the Japanese, by establishing
dynamic import-substituting overseas joint ventures with local interests in
different downstream operations. Cheap labour and large consuming capacity
are substitutes here for the local contribution to assets we saw in the preceding
case. But that is the real challenge which they will have to take up when they
try to sell in the highly.competitive markets of Southeast Asia, Japan, East
Africa and Southern Europe from their future export-oriented locations in
the Gulf.
4. Transfer of Mature Technology Versus Technological "Rationalisation"
and Revolutionary Innovation
We can see a plausible explanation for the exceptional transfer of fully integrated
petrochemical production, not only to underpopulated countries such as Saudi
Arabia and Kuwait, but also to oil-rich, well-populated countries such as Iran.
The key explanation to such a transfer is the technological issue. Here we
distinguish three phases or levels of petrochemical technology transfer:-
4.1. Phase I
Macure" technology corresponding at a given moment of technological and
manufacturing evolution to processes (and products) in the petrochemical
industry, which is already well-known and applied on an extensive scale.
.47.
Although oil multinationals are already widely involved in chemical refining
and associated with petrochemical activities (e.g. the fertiliser industry), they
have not acquired the full technology applied in heavy petrochemical manu-
facture nor have they mastered its applied research with respect to full down-
stream operations. Of the Middle East's major oil producers, Iran started joint
venture operations in the late 1 960s18, while Kuwait and Saudi Arabia (U.S.
Dow chemical with Saudi's SABIC, for example) moved in this direction after
the 1973-74 crude oil price rises. All these developing countries which are
trying to promote petrochemicals have one thing in common: the lack of a
mature technological base. The best they can hope for in the 1 980s is to acquire
this technology before it becomes so mature as to tend towards obsolescence.
42. Phase LI
Technological "rationalisation" or substantial improvement corresponding to
a modified pattern of processing and manufacture, scheduled for the mid- or
late 1980s. Through an active policy of heavy investment, major petrochemical
companies are developing intense but selective research, designed to come up
with new patterns of rationalised and improved processes, along with product
specifications and performances. They are doing this .on the basis of their solid
experience and know-how of the last 30 years. The technological innovation of
the last two decades has been largely concerned with the external physical
aspects and commercial presentation of the end products, in order better to
compete in a fluctuating cyclical market. This, in some way, bears out the
famous Baran and Sweezy theory of. a rising rate of profit and its consequent
necessary, but partially unproductive, destruction. In fact, the major charac-
teristic of recent innovation has been the relatively stable costs of raw materials.
Fierce market competition, soaring feedstock costs due to partial, but substan-
tial, loss of oil and naphtha rents since the beginning of the 1970s'9 and labour
demands on the wage front, have all acted together to cause a decline - and not
an increase - in the profit levels of the petrochemical industry. This state of
affairs has been highlighted by all West European and U.S. companies. 20
In contrast to Saudi Arabia, Iran has had several of its joint venture petro-
chemical (and other manufacturing) projects operating since 1966-68. For
example, its joint .venture with B.F. Goodrich for the manufacturing of PVC
and liquid caustic soda started operating in 1966; in 1967 the IranianAmoco
joint projected went onstreani to produce sulphur and LPG. Nevertheless,
U.S. petrochemical corporations 111cc Dow Chemical, Du Pont and Union



















































































































































































































































































































































































































































































































































































Due to the growing impact of feedstock and labour costs on total production
costs, and to the increasing involvement of oil corporations and state enter-
prises in petrochemicals, petrochemical companies are now endeavouring to
modify the pattern of manufacturing and processing in the industry. They will
increasingly seek to reduce the quantity and cost of raw materials, both as
energy and feedstock.21 This implies the research and development of new
processes and new end products. The latter are expected to be more competi-
tive than are forthcoming mature products (to be manufactured by oil pro-
ducing and non-oil producing developing countries) through existing processes.
Hence, not only the physical external appearance of the products is to be
changed, but also, in contrast to previously exclusive marketing innovations,
the patterns of manufacturing and processing should be altered. This will put
future products to be promoted by developing countries up against some stiff
competition.
One substantial rule of the game associated with petrochemicals and other
forms of industrial redeployment is to maintain on a dynamic basis differen-
tiated technological development. This technological rationalization and quali-
tative improvement is to be achieved through fundamental and qualitative
changes in the technological and manufacturing patterns within the industry.
Basically, the direct cracking of naphtha is already applied in some pilot plans,
and serious thought is being given to cutting out some of the intermediate
processing stages and by-products so as to reduce the cost of the end product.
New processes are to be developed under low heating conditions. All this will
strengthen differentiated development both in technology and in petrochemical
production between the developing countries, which have planned their petro-
chemical promotion, and the petrochemical industries of the developed nations,
which arc the home countries of the petrochemical corporations.
Even if we adopt the most optimistic of hypotheses, whereby developing coun-
tries succeed in acquiring and mastering the most up-to-date technology, by the
time they achieve this objective, they will still lag behind the technological and
manufacturing achievements of Western companies in the second half of' the
I 980s. in this last respect, the qualitative technolOgica.l changes will be a sort
of brIdge to the third technological stage scheduled by major U.S. petrochemical
corporations for the late 1 980s and I 990s.
As to the future for oil multinationals and state-controlled oil companies
involved in the petrochemical business, this will depend on the increasing inter-
penetration of the oil and petrochemical sectors and, more generally, on the
degree to which oil interests become involved in petrochemical manufacturing
and marketing, as well as on the capability of' those oil interests to master
heavy petrochemical technology and contribute to its rationalisation and
innovation. Although this question is an important issue, it is outside the scope
of this present paper.
Iv
4.3. Phase III
Petrochemical innovation through a new technologicd revolution.
Starting in the I 940s, Western oil companies abandoned carbon and adopted
oil as a means to make greater profits from a raw material that was heavily
underpriced. By the 1 960s, the international industry (excluding the Socialist
countries) had achieved the re-shaping of its petrochemical industry. As raw
material costs have climbed, and labour demands increased, the industry has
adopted a defensive posture. Since there is little chance of any change in the
opposite direction at present, the industry, which consumes 6-7% of the world's
hydrocarbons, deploys a technological strategy within the framework othydro-
carbons. But since oil prices are expected to start multiplying again from the
mid-i 980s, and substitute sources of energy and raw materials to be developed
and exploited, the petrochemical companies have launched strategies for the
development of synthetic oil and gas from coal and shale oil.
The major characteristics of the future petrochemical revolution will be the
combined application of computer software techniques and lasers to obtain
direct petrochemical fractions which avoid intermediate chemical reactions,
eliminating by-products and heavy energy consumption in high temperature
processes.
4.4. U.S. Union Carbide's Strategy for Feedstocks Up to the Year 2000 22
Major U.S. petrochemical corporations are reacting against the pressure on their
traditional feedstocks whose costs are rising. They foresee the future of the
petrochemical industry based on a new feedstock strategy and consequently
on a technology to exploit alternative feedstocks.
The Chairman of Union Carbide believes that, as its traditona] feedstocks (crude
oil and natural gas) become less economical, the future of the industry will
depend on its ability to develop the new technology needed to exploit alter-
native feedstocks.
At present, oil and gas account for 98% of the feedstocks currently used by
U.S. petrochemicals producers. The U.S. industry is almost totally dependent
on hydrocarbons as feeds. According to Union Carbide's Chairman, economic
and political f'orces are making these less attractive in the long run. Expecta-
tions of Union Carbide's Chairman are, in fact, die following:
I. In the I 980s gas production will pick up.
2.. In the 1990s oil output will taper off.
3. By the year 2000 oil and gas costs will
converge and then exceed the costs of substitutes.
- 50 -
-51-
Hit by increased costs of its traditional feedstocks, Union Carbide has adopted
a new technological strategy, thereby anticipating the predicted course of events.
The strategy is applied through an orientation of the companys research and
development programmes to provide the new technologies needed to develop
these alternative feeds. The company's aim is to minimize feedstock costs and
increase the competitive edge of petrochemicals.
According to Union Carbide, the alternatives now being considered could
account for 10-15% of U.S. feedstock requirements by the year 2000 (but
certainly not more than 25%).
Union Carbide foresees four phases of development of the various alternatives,
corresponding to future gas peaks in the 1980s and the tapering off of oil in
the 1990s:
Phase I: In the first phase to 1984-85, efforts wiil be concentrated on more
efficient use of crude oil as a feedatock, like the company's
advanced cracking reactor, to go on stream by mid-1979, and
also by the direct production of ethylene from atomized crude,
using high temperature steam and combustion gases, with higher
ethylene yield per barrel of crude and raw material flexibility.
Phase if: In the late 1980s, the strategic technological and manufacturing
orientation of Union Carbide will be to increase production arid
use coal-based synthesised gas for methanol and ethylene glycol
manufacture. It could replace natural gas and sonic petroleum
feedstocks (that is, coal-based synthesised gas), representing around
25-30% of U.S. petrochemical feedstock use.
Phase LU: By the 1 990s, Union Carbide foresees crude oil production on the
basis of shale oil and coal, but not in significant amounts. Even
then, Union Carbide considers it unlikely that such a synthetic
crude oil roduction will represent more than 5% of U.S. total
crude
In other words, it is assumed in Union Carbide strategy that coal-
based synthetic gas would cover more than one-fourth of the U.S.
petrochemical fcedstocks use in the late 1 980s, and that crude oil
to be produced from shale oil and coal would not represent more
than 5% of U.S. total crude use.
*( ) According to a recent U.S. Congressional study, the Devonian Shale
deposits of Appalachia in thirteen Eastern States could produce up to one
trillion cubic feet of natural gas per year, or about 5% of current U.S. gas pro-
.duction, in the next 20 years. The Office of Technology Assessment study's
estimates of potential prqduction, set at 15-25 trillion cubic feet of natural gas,
are less optimistic than previous estimates prepared by the National Academy of
Sciences and the Energy Research and Development Administration (ERDA).
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At the third stage of development, we can envisage total opposition between
a conventional, "devalued" petrochemical technology in the oil and gas pro-
ducing developing countries and a fundamentally different, revolutionary
chemical technology supported by computer electronics, laser techniques and
renewable non-conventional feedstocks in the developed world.
To return to our original question as to how we may shift the hierarchy of
factors of production necessary to produce petrochemicals, we see that our
analysis leads us to recognise the role of that part of labour which is crystallised
into capital in the form of technology.24 Playing a major role in the appraisal
of the power relationship in a joint venture and consequently in the assessment
of the imbalance in the distribution and use of its profits, technology is indeed
privileged and decisive in any industrial redeployment. Because of the dynamic
nature of the manufacturing and production processes, technology supports,
promotes and stimulates the changing hierarchy of factors of production to the
advantage of those who develop, apply and bargain with this technology. The
scheme of the product cycle and mature products is no less dynamic, so that at
each stage there will be imbalances between petrochemical (or other manu-
factured) products reflecting the peak of current technology, and mature pro-
ducts resulting from "devalued" processes and obsolete technology.
Planners of the oil exporting and other developing countries need to consider,
when promoting petrochemical industries, the key future role which technology
is going to play until the end of this century, as a differentiating and increasingly
overpriced factor of production.
* * * * * * * * *
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ps
 b
us
y 
fo
r 
20
0 
ye
ar
s 
un
til
 c
he
ap
 'i
po
rt
s
cr
ea
te
d 
a 
ne
w
 m
us
s 
m
ar
ke
t. 
T
ho
ug
h 
th
e 
w
or
ks
ho
ps
 th
en
 g
ot
 to
ge
th
er
 to
fo
rm
 th
e 
L
an
ca
sh
ir
e 
W
at
ch
 C
om
pa
ny
, t
he
 c
ra
ft
sm
en
 n
ev
er
 a
dj
us
te
d 
tk
m
as
s
pr
od
uc
tio
n 
an
d 
it 
w
as
 w
ou
nd
 u
p 
in
 $
91
0.
M
us
eu
m
 c
ur
at
or
 L
or
ai
ne
 K
no
w
le
s 
sa
ys
 th
er
e 
ar
e 
st
ill
 n
on
ag
en
ar
ia
ns
ar
ou
nd
 w
ho
 w
or
ke
d 
at
 th
e 
ta
ct
or
y 
an
d 
re
ca
ll 
w
ith
 a
 s
hu
dd
er
 th
e 
qu
al
ity
 o
f 
its
liv
e-
bo
b 
pr
od
uc
t, 
Ih
e 
Jo
hn
 B
ul
l. 
T
he
 S
w
is
s 
ap
pa
re
nt
ly
 a
vo
id
ed
 s
uc
h 
pr
ob
-
le
m
s 
by
 ta
m
in
g 
pe
op
le
 f
ro
m
 s
cr
at
ch
 f
or
 th
ei
r 
w
at
ch
 f
ac
to
ri
es
 a
nd
 le
tti
ng
th
ei
r 
w
or
ks
ho
ps
, w
ith
 th
ei
r 
di
sd
ai
nf
ul
 c
ra
ft
sm
en
, w
ith
er
 a
w
ay
.
i'l
ie
 m
or
al
 is
 o
bv
io
us
. H
ut
 a
ny
 n
eg
ot
ia
to
rs
 o
f 
ne
w
 te
ch
no
lo
gy
 a
gr
ee
m
en
ts
w
an
tir
tg
 to
 m
ak
e 
th
e 
po
in
t t
o 
th
ei
r 
w
or
k 
fo
rc
es
 w
ill
 f
in
d 
th
e 
m
us
eu
m
, h
ou
se
d
in
 a
 r
es
to
re
d 
18
th
 C
en
tu
ry
 to
w
n 
ho
us
e,
 a
 b
it 
cr
am
pe
d 
fo
r 
co
ac
h 
pa
rt
ie
s.
- 
Fr
om
 M
en
 a
nd
 M
ai
te
ra
'. 
Fi
na
nc
ia
l T
sn
w
s,
 L
on
do
n 
an
d 
Fr
an
kf
ur
t, 
30
 A
pr
il 
t9
82
.
r N
ew
ly
 I
nd
us
tr
ia
lis
in
g 
C
ou
nt
ri
es
in
 a
n 
In
te
rd
ep
en
de
nt
 W
or
ld
C
oh
n 
I. 
B
ra
df
or
d 
Jr
C
'
'
H
E
R
E
 I
S 
no
w
 a
 g
oo
d 
de
al
 o
f 
ex
ce
lle
nt
 li
te
ra
tu
re
 th
at
 d
um
cn
ts
 th
e
in
cr
ea
si
ng
 r
ol
e
of
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 in
 w
or
ld
 tr
ad
e 
in
 m
an
uf
ac
-
tu
re
s.
1 
T
re
at
in
g 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 a
s 
a 
w
ho
le
 o
r 
us
in
g 
re
gi
on
al
 c
la
ss
if
i-
ca
tio
ns
, w
ith
ou
t c
ou
nt
ry
 d
at
a,
 h
ow
ev
er
, l
ea
ve
s 
op
en
 th
e 
po
ss
ib
ili
ty
 th
at
 a
ll
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 a
re
 s
ee
n 
as
 m
ov
in
g 
al
on
g 
a 
si
m
ila
r 
pa
th
 a
nd
 p
ar
tic
i-
pa
tin
g 
re
la
tiv
el
y 
(o
r 
po
te
nt
ia
lly
) 
ev
en
ly
 in
 th
e 
gr
ow
th
 in
 m
an
uf
ac
tu
re
d 
ex
-
po
rt
s.
 I
n 
fa
ct
, t
he
 c
ou
nt
ry
 e
xp
er
ie
nc
es
 h
av
e 
be
en
 q
ui
te
 d
if
fe
re
nt
. I
n 
an
 e
ar
lie
r
st
ud
y 
ba
se
d 
on
 th
e 
pe
ri
od
 1
96
6-
73
, B
el
a 
B
al
as
sa
, o
f 
Jo
hn
 H
op
ki
ns
 tJ
ni
vc
r-
si
ty
, n
ot
ed
 th
at
 tw
el
ve
 c
ou
nt
ri
es
 a
cc
ou
nt
ed
 f
or
 8
4 
pe
r 
ce
nt
of
th
e 
ex
po
rt
s 
of
m
an
uf
ac
tu
re
d 
go
od
s 
fr
om
 d
ev
el
op
in
g 
co
un
tr
ie
s 
in
 1
97
3 
an
d 
th
at
 'n
o 
ot
he
r
de
ve
lo
pi
ng
 c
ou
nt
ry
 a
cc
ou
nt
ed
 f
or
 m
or
e 
th
an
 th
re
e 
pe
r 
ce
nt
 o
f 
th
e 
to
ta
l'.
3
R
IS
E
 O
F'
 T
H
E
 N
E
W
L
Y
 I
N
D
U
ST
R
IA
L
IS
IN
O
 C
O
U
N
T
R
IE
S
In
 th
e 
pe
ri
od
 s
in
ce
 1
97
3 
th
er
e 
ha
s 
be
en
 a
 f
ur
th
er
 n
ar
ro
w
in
g 
of
 th
e 
ra
ng
e
of
 d
ev
el
op
in
g 
co
un
tr
ie
s 
th
at
 a
re
 s
ig
ni
fi
ca
nt
 e
xp
or
te
rs
 o
f 
m
an
uf
ac
tu
re
s 
on
 *
gl
ob
al
 s
ca
le
. B
y 
19
76
, t
he
 R
ep
ub
lic
of
K
or
ea
, T
ai
w
an
, H
on
g 
K
on
g 
an
d
Si
ng
ap
or
e 
ac
co
un
te
d 
fo
r 
ov
er
 9
0 
pe
r 
ce
nt
of
th
e 
m
an
uf
ac
tu
re
d 
ex
po
rt
s 
fr
om
E
as
t A
si
a;
 I
nd
ia
, 7
5 
pe
r 
ce
nt
 o
f 
m
an
uf
ac
tu
re
d 
ex
po
rt
s 
fr
om
 S
ou
th
 A
si
a;
 a
nd
B
ra
zi
l, 
M
ex
ic
o 
an
d 
A
rg
en
tin
a,
 7
0 
pe
r 
ce
nt
 o
f 
L
at
in
 A
m
er
ic
a'
s 
in
du
st
ri
al
ex
po
rt
s.
 T
og
et
he
r,
 th
es
e 
ei
gh
t n
ew
ly
 in
du
st
ri
al
is
in
g 
co
un
tr
ie
s 
ac
co
un
te
d 
fo
r
ov
er
 th
re
e 
qu
ar
te
rs
 o
f 
th
e 
m
an
uf
ac
tu
re
d 
ex
po
rt
s 
fr
om
 th
e 
de
ve
lo
pi
ng
 w
or
ld
in
 l9
76
. T
he
re
 h
as
 b
ee
n 
a 
co
ns
id
er
ab
le
 g
ap
 b
et
w
ee
n 
th
es
e 
ei
gh
t c
ou
nt
ri
es
an
d 
w
ha
t c
ou
ld
 b
e 
ca
lle
d 
th
e 
'n
ex
t t
ie
r' 
of
 d
ev
el
op
in
g 
co
un
tr
ie
s,
 w
ith
 C
ol
-
om
bi
a,
 M
al
ay
si
a,
 th
e 
Ph
ili
pp
in
es
, P
ak
is
ta
n 
an
d 
T
ha
ila
nd
 h
av
in
g 
be
en
 th
e
C
O
hN
 1
. B
R
A
D
FO
R
D
 J
r:
 A
ss
oc
ia
te
 D
ir
ec
to
r,
 C
on
ci
liu
m
 o
n 
In
te
rn
at
io
na
l a
nd
 A
re
a 
St
ud
.
ic
s,
 Y
ak
 I
in
iv
cr
si
iy
, N
ew
 H
av
en
, U
ni
te
d 
St
at
es
 o
f 
A
m
er
ic
a,
 a
in
ca
 1
97
*;
 p
re
vi
ou
sl
y 
D
ir
ec
to
r,
00
1c
c 
of
 I
nt
er
na
tio
na
l D
cv
el
op
m
cn
l B
an
ks
, U
ni
te
d 
St
at
es
 D
ep
ar
tm
en
t o
( 
th
e 
T
tc
aa
ur
y;
co
-a
ut
ho
r 
of
 T
he
 N
ew
ly
 ln
du
si
ri
al
lz
in
g 
C
o.
an
:r
in
: T
ra
de
 a
nd
 A
dJ
ao
lm
en
i (
19
*2
).
 C
op
yr
ig
ht
 C
)
19
*2
 C
oh
n 
I.
 B
ra
df
or
d 
Jr
.
i
LM
17
2
('O
L
IN
 I
. B
R
A
D
FO
R
D
ne
xt
 la
rg
es
t e
xp
or
te
rs
 o
f 
m
an
ul
lic
tu
re
s
in
 1
97
6.
 I
t i
s 
cl
ea
r 
th
at
 w
ith
ou
t t
he
ex
po
rt
 c
ap
ac
ity
 o
f 
th
es
e 
ei
gh
t n
ew
ly
in
du
st
ri
al
is
in
g 
co
un
tr
ie
s,
 m
an
uf
ac
tu
re
d
C
xp
or
ts
 o
f 
th
e 
de
vc
lo
pr
ng
 c
ou
nt
ri
es
 w
ou
ld
no
t h
av
e 
su
rf
ac
ed
 a
s 
a 
gl
ob
al
tr
ad
e 
is
su
e 
in
 th
e 
la
te
 1
97
0s
an
d 
ea
rl
y 
I9
80
s.
M
or
e 
re
ce
nt
 d
at
a 
in
di
ca
te
 th
at
 in
19
79
, m
an
uf
ac
tu
re
d 
ex
po
rt
s 
fr
om
 K
or
ea
,
T
ai
w
an
, I
-l
on
g 
K
on
g,
 S
in
ga
po
re
an
d 
B
ra
zi
l a
lo
ne
 a
m
ou
nt
ed
 to
 $
53
 b
ill
io
n
(u
p 
fr
om
 $
18
 b
ill
io
n 
in
19
73
) 
co
m
pa
re
d 
w
ith
 $
70
 b
ill
io
n
in
 to
ta
l m
an
uf
ac
-
tu
re
d 
ex
po
rt
s 
fr
om
 a
ll 
de
ve
lo
pi
ng
m
ar
ke
t-
or
ie
nt
ed
 e
co
no
m
ie
s 
in
 1
97
8 
an
d
w
ith
 $
51
 b
ill
io
n 
in
 im
po
rt
s
of
 m
an
uf
ac
tu
re
s 
by
 d
cv
cl
op
ed
co
un
tr
ie
s 
fr
om
no
n-
oi
l d
ev
el
op
in
g 
C
ou
nt
ri
es
in
 1
97
9.
 T
he
 f
ou
r 
E
as
t A
si
an
 n
ew
ly
in
du
st
ri
a.
lis
in
g 
co
un
tr
ie
s 
an
d 
B
ra
zi
l
ha
ve
 b
ee
n 
th
e 
m
os
t d
yn
am
ic
 a
nd
 la
rg
es
t v
ol
um
e 
ex
-
po
rt
er
s 
of
 m
an
uf
ac
tu
re
s 
in
 th
e 
pe
ri
od
19
73
-7
9.
 P
ar
tic
ul
ar
ly
 if
 th
e 
sp
ec
ia
l
bo
rd
er
 tr
ad
in
g
ar
ra
ng
em
en
ts
 b
et
w
ee
n 
th
e 
U
ni
te
d 
St
at
es
 a
nd
 M
ex
ic
o
ar
e
se
pa
ra
te
d 
ou
t, 
M
ex
ic
o,
 A
rg
en
tin
a
an
d 
In
di
a 
do
 n
ot
 lo
om
as
 la
rg
e 
in
 g
lo
ba
l
tr
ad
e 
in
 m
an
uf
ac
tu
re
s
as
 th
e 
fo
ur
 E
as
t A
si
an
 c
ou
nt
ri
es
 a
nd
 B
ra
zi
l. 
It
 is
 th
es
e
liv
e 
co
un
tr
ie
s 
w
hi
ch
 e
m
er
ge
d
as
 th
e 
ne
w
 p
ow
er
s 
in
 w
or
ld
 tr
ad
e 
in
 m
an
uf
ac
-
lu
re
s. A
 r
ev
ie
w
 o
f 
th
e
ex
po
rt
 e
xp
er
ie
nc
e 
of
 th
e 
ne
w
ly
 in
du
st
ri
al
is
in
g
co
un
tr
ie
s
re
ve
al
s 
th
at
 th
e 
(l
iS
tin
gu
is
hi
ng
fe
at
ur
e 
of
 th
e 
A
si
an
 n
ew
ly
 in
du
st
ri
al
is
in
g
co
un
tr
ie
s 
an
d 
B
ra
zi
l i
s
a 
hi
st
or
ic
 s
hi
ft
 in
 th
e 
pu
bl
ic
 p
ol
ic
y 
at
a 
cr
iti
ca
l p
oi
nt
iii
 ti
m
e 
to
 a
n 
ex
po
rt
-o
ri
en
te
d 
po
lic
y 
fo
r
gr
ow
th
 w
hi
ch
 n
ot
 o
nl
y
ga
ve
 p
ri
or
ity
to
 r
na
nu
la
ci
ur
j e
xp
or
ts
 b
ut
 a
ls
o
m
ad
e 
th
em
 th
e 
ce
nt
ra
l f
oc
us
 o
f 
ec
on
om
ic
po
lic
y 
an
d 
de
ve
lo
pm
en
t s
tr
at
eg
y.
4
Se
ve
ra
l e
le
m
en
ts
 w
er
e 
in
vo
lv
ed
 in
ea
ch
ca
se
. F
ir
st
, i
n 
K
or
ea
 in
, 1
96
4-
66
, i
n 
T
ai
w
an
in
 1
95
8-
60
, i
n 
Si
ng
ap
or
e 
in
 1
96
5
an
d 
in
B
ra
zi
l i
n
19
67
-6
8,
 th
er
e 
w
as
 a
 s
w
itc
h 
in
po
lic
y 
fr
om
 im
po
rt
-
,u
bs
tit
uj
io
n 
to
 e
xp
or
t-
or
ie
nt
ed
in
du
st
ri
al
js
at
io
n.
 W
he
re
as
 H
on
g 
K
on
g 
ha
d
al
w
ay
s 
be
en
 o
ut
w
ar
d 
lo
ok
in
g
in
 th
e 
ea
rl
y 
l9
50
s 
th
er
e
w
as
 a
 s
hi
ft
 f
ro
m
 a
n
en
tr
ep
ôt
 f
un
ct
io
n 
to
 in
du
st
rj
al
is
at
io
n
an
d 
in
du
st
ri
al
 tr
ad
e.
 S
ec
on
dl
y,
as
 p
ar
t
of
 th
es
e 
sh
if
ts
, l
ib
er
ab
se
d 
im
po
rt
an
d 
ex
ch
an
ge
-r
at
e 
re
gi
m
es
w
er
e 
ge
ne
ra
lly
ad
op
te
d,
 r
em
ov
in
g 
qu
al
iti
ta
tiv
e
re
st
ri
ct
io
ns
 a
nd
 s
ur
ch
ar
ge
s 
on
 im
po
rt
s 
an
d
su
sp
en
di
ng
 f
or
ei
gn
-e
xc
ha
ng
e 
co
nt
ro
ls
.
T
hi
rd
ly
, t
he
 e
xc
ha
ng
e 
ra
te
w
as
 in
m
os
t c
as
es
 u
ni
tic
d,
 a
ft
er
a 
pe
ri
od
 o
f 
m
ul
tip
le
 e
xc
ha
ng
e 
ra
te
s,
 a
nd
 d
ev
al
ue
d
an
d 
a 
re
al
is
tic
 e
xc
ha
ng
e-
ra
te
po
lic
y 
ad
op
te
d 
in
 a
n 
at
te
m
pt
 to
 a
vo
id
ov
er
-
va
lu
at
io
n 
th
at
 f
av
ou
re
d 
im
po
rt
s.
Fi
na
lly
, s
ub
st
an
tia
l e
xp
or
t s
ub
si
di
es
w
er
e
cr
ea
te
d,
 in
 m
os
t i
ns
ta
nc
es
ac
ro
ss
 th
e 
bo
ar
d,
 in
 o
rd
er
 to
 p
ro
vi
de
 s
pe
ci
fi
c
In
ce
nt
iv
es
 f
or
 e
xp
or
ts
 o
f 
m
an
uf
ac
tu
re
s.
T
he
 q
ue
st
io
n 
th
at
 a
ri
se
s 
is
 h
ow
to
 w
ei
gh
 th
es
e 
va
ri
ou
s 
el
em
en
ts
 to
 a
rr
iv
e
at
 a
n 
ex
pl
an
at
io
n 
of
 th
e 
dy
na
m
ic
pe
rf
or
m
an
ce
 o
f 
m
an
uf
ac
tu
re
d
ex
po
rt
s 
th
at
ha
s 
di
st
in
gu
is
he
d 
th
es
e 
fe
w
co
un
tr
ie
s.
 T
he
 c
ou
nt
ry
 e
xp
er
ie
nc
es
 s
ur
ve
ye
d
he
re
'c
em
 to
 C
on
ttr
tn
 e
ar
lie
r 
fi
nd
in
gs
 b
y
A
nn
e 
K
ru
eg
er
, o
f 
th
e 
U
ni
ve
rs
ity
 o
f
M
in
ne
so
ta
, b
as
ed
 o
n 
th
e 
K
or
ea
n 
an
d
B
ra
zi
lia
n 
ex
pe
ri
en
ce
s:
N
lC
s 
A
N
t)
 I
N
T
E
R
 D
E
PE
N
D
E
N
C
E
lii
'T
he
 c
on
cl
us
io
n 
is
 n
ot
 th
at
 e
xp
or
t p
us
h 
its
el
f 
ac
co
un
ts
 f
or
 a
ll 
th
e
di
ff
er
en
ce
 in
 p
er
fo
rm
an
ce
...
 ;
it 
is
 r
at
he
r 
th
at
 th
e 
lo
gi
c 
of
 a
n 
ex
po
rt
-
pr
om
ot
io
n 
st
ra
te
gy
 s
ee
m
s 
to
 c
on
di
tio
n 
a 
nu
m
be
r 
of
 o
th
er
 p
ol
ic
ie
s 
an
d
to
 p
er
m
it 
a 
nu
m
be
r 
of
 o
th
er
 f
av
or
ab
le
 f
ac
to
rs
 to
 a
pp
ea
r 
in
 a
 f
ai
rl
y
sy
st
em
at
ic
 w
ay
.'3
In
 o
th
er
 w
or
ds
, e
xp
or
t i
nc
en
tiv
es
 a
lo
ne
 d
o 
no
t e
xp
la
in
 th
e 
un
us
ua
L
 p
er
-
fo
rm
an
ce
. I
t i
s 
th
e 
co
m
m
itm
en
t t
o 
th
e 
ex
po
rt
-o
ri
en
te
d 
po
lic
y 
by
 th
e 
go
ve
rn
-
m
en
t w
hi
ch
 m
ak
es
 it
 n
ec
es
sa
ry
 to
 li
be
ra
lis
e 
im
po
rt
s 
an
d 
ex
ch
an
ge
 c
on
tr
ol
s
an
d 
to
 a
dj
us
t t
he
 e
xc
ha
ng
e 
ra
te
 in
 a
dd
iti
on
 to
 p
ro
vi
di
ng
 e
xp
or
t s
ub
si
di
es
.
T
he
 f
ac
t o
f 
th
e 
pu
bl
ic
 p
ol
ic
y 
co
m
m
itm
en
t t
o 
ex
po
rt
 o
ri
en
ta
tio
n 
dr
iv
es
 p
ol
i-
ci
es
 in
 e
ac
h 
of
 th
e 
cr
iti
ca
l a
re
as
 -
 e
xc
ha
ng
e 
ra
te
s,
 im
po
rt
s 
an
d 
ex
po
rt
s.
 I
i i
s
in
te
re
st
in
g 
th
at
in
 th
e 
ca
se
s 
of
 s
us
ta
in
ed
 e
xp
an
si
on
 o
f 
m
an
uf
ac
tu
re
d
ex
po
rt
s 
- 
K
or
ea
, T
ai
w
an
, H
on
g 
K
on
g,
 S
in
ga
po
re
 a
nd
 B
ra
zi
l -
 li
be
ra
lis
at
io
n
of
 im
po
rt
s,
 e
xc
ha
ng
e-
ra
te
 a
dj
us
tm
en
t a
nd
 e
xp
or
t i
nc
en
tiv
es
 h
av
e 
pr
ev
ai
le
d
to
ge
th
er
ov
er
 a
 s
ub
st
an
tia
l l
en
gt
h 
of
 ti
m
e.
 W
ha
t s
ee
m
s 
to
 b
e 
co
m
m
on
, a
nd
in
de
ed
 u
ni
qu
e,
 to
 th
es
e 
fi
ve
 n
ew
ly
 in
du
st
ri
al
is
in
g 
co
un
tr
ie
s 
is
 a
 p
ub
lic
 p
ol
ic
y
co
m
m
itm
en
t t
o 
po
lic
ie
s 
fo
r 
pr
om
ot
in
g 
gr
ow
th
 th
ro
ug
h 
th
e 
ex
po
rt
 o
f 
m
an
u-
fa
ct
ur
es
 w
hi
ch
 h
as
 e
nt
ai
le
d 
a 
ho
lis
tic
 a
nd
 in
te
rn
al
ly
 c
on
si
st
en
t s
hi
ft
 in
 th
e
en
tir
e 
ra
ng
e 
of
 r
el
ev
an
t f
or
ei
gn
 e
co
no
m
ic
 p
ol
ic
ie
s.
6
It
 w
ou
ld
 a
pp
ea
r 
th
at
 th
e 
un
de
rl
yi
ng
 d
yn
am
ic
 w
hi
ch
 h
as
 g
iv
en
 r
is
e 
to
 th
e
pr
ob
le
m
 is
 p
re
ci
se
ly
 th
e 
on
e 
w
hi
ch
 li
m
its
 it
. T
he
 p
he
no
m
en
on
of
ne
w
ly
in
du
st
ri
al
is
in
g 
co
un
tr
ie
s 
ha
s 
no
t a
ri
se
n 
as
 a
 c
on
se
qu
en
ce
of
ge
ne
ra
lis
ed
fo
rc
es
 o
f 
ec
on
om
ic
 g
ro
w
th
 a
nd
 in
du
st
ri
al
 s
pr
ea
d,
 b
ut
 r
at
he
r 
it 
is
 th
e 
re
su
lt 
of
th
e 
un
us
ua
l c
on
ve
rg
en
ce
 o
f 
a 
va
ri
et
y 
of
 f
or
ce
s 
an
d 
ci
rc
um
st
an
ce
s 
le
ad
in
g 
to
in
du
st
ri
al
 c
on
ce
nt
ra
tio
n.
 T
he
 im
pl
ic
at
io
n 
w
ou
ld
 s
ee
m
 to
 b
e 
th
at
 w
he
re
as
co
un
tr
ie
s 
w
ill
 in
de
ed
 m
ov
e 
al
on
g 
a 
co
nt
in
uu
m
 o
f 
dy
na
m
ic
 c
om
pa
ra
tiv
e
ad
va
nt
ag
e 
w
ith
 a
tte
nd
an
t c
ha
ng
es
 in
 th
e 
co
m
po
si
tio
n 
of
 o
ut
pu
t a
nd
 e
xp
or
ts
as
 g
ro
w
th
 in
 w
or
ld
 tr
ad
e 
an
d 
tr
ad
e 
po
lic
ie
s 
pe
rm
it,
 th
es
e 
tr
en
ds
 in
 g
ro
w
th
w
ill
 n
ot
 b
y 
th
em
se
lv
es
 y
ie
ld
 q
ua
nt
um
 ju
m
ps
 in
 m
an
uf
ac
tu
re
d 
ex
po
rt
s 
fr
om
an
 in
cr
ea
si
ng
 n
um
be
r 
of
 n
ew
 d
ev
el
op
in
g-
co
un
tr
y 
su
pp
lie
rs
. N
ew
 d
ev
el
op
in
g-
co
un
tr
y 
so
ur
ce
s 
w
ill
 s
ur
el
y 
ap
pe
ar
, s
om
e 
ac
hi
ev
in
g 
ne
w
 s
ta
tu
s 
as
 e
xp
or
te
rs
on
 a
 w
or
ld
 s
ca
le
. B
ut
 th
e 
nu
m
be
r 
w
ill
 b
e 
lim
ite
d 
an
d 
th
e 
oc
cu
rr
en
ce
s 
w
ill
 b
e
un
us
ua
l. 
T
he
 d
ev
el
op
ed
 c
ou
nt
ri
es
 o
f 
th
e 
W
es
t a
re
 n
ot
 f
ac
in
g 
a 
ge
ne
ra
hs
ed
ph
en
om
en
on
 in
vo
lv
in
g 
th
e 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 a
s 
a 
w
ho
le
; r
at
he
r 
th
ey
ar
e 
fa
ci
ng
 a
 s
pe
ci
al
 p
he
no
m
en
on
 w
hi
ch
 o
nl
y 
a 
re
la
tiv
el
y 
fe
w
 c
ou
nt
ri
es
 in
 a
ny
gi
ve
n 
pe
ri
od
 w
ill
 b
e 
ab
le
 to
 u
nd
er
ta
ke
 a
nd
 s
us
ta
in
.
G
LO
ttA
L 
R
O
LE
 O
F
 T
H
E
 N
E
W
LY
 IN
D
LJ
S
T
R
IA
LI
S
IN
G
 C
O
U
N
T
R
IE
S
In
 th
e 
pe
ri
od
 s
in
ce
 th
e 
in
iti
al
 o
il-
pr
ic
e 
ri
se
 th
e 
ro
le
of
de
ve
lo
pi
ng
 c
ou
nt
ri
es
in
 th
e 
w
or
ld
 e
co
no
m
y 
ha
s 
ch
an
ge
d 
si
gn
if
ic
an
tly
. I
n 
th
e 
pe
ri
od
 s
in
ce
 W
or
ld
r/
4
C
 )
Ll
N
jB
Jt
A
Q
E
Ø
J.
L)
r
r-
r-
'
u
W
ar
 II
 d
ev
el
op
in
g 
co
un
tr
ie
s 
ha
ve
 d
ep
en
de
d 
on
 a
id
 fr
om
 d
ev
el
op
ed
 c
ou
nt
rie
s
to
 tI
ni
nc
e 
im
po
rt
s 
an
d 
on
 g
ro
w
th
 in
 d
ev
el
op
ed
 c
ou
nt
rie
s 
to
 s
us
ta
in
 th
ei
r
:p
or
ts
. I
n 
th
e 
pe
rio
d 
si
nc
e 
19
73
 m
uc
h 
of
 th
e 
ba
la
nc
e-
of
-p
ay
m
en
ts
 s
ur
pl
us
of
 th
e 
m
em
be
rs
 o
f t
he
 O
rg
an
is
at
io
n 
of
 P
et
ro
le
um
 E
xp
or
tin
g
C
ou
nt
rie
s
tO
P
E
C
) 
w
as
 r
ec
yc
le
d 
th
ro
ug
h 
pr
iv
at
e 
ca
pi
ta
l m
ar
ke
ts
 to
 d
ev
el
op
in
g
co
un
tr
ie
s 
in
 th
e 
lo
on
 o
f m
ed
iu
m
-t
er
m
 fi
na
nc
in
g 
of
 b
al
an
ce
-o
f-
pa
ym
en
ts
 d
el
i-
ci
ts
. T
he
 h
ig
h.
gr
ow
th
, h
ig
h-
ex
po
rt
in
g 
de
ve
lo
pi
ng
 C
ou
nt
rie
s 
be
ca
m
e
th
e 
la
r-
ge
st
 b
or
ro
w
er
s 
in
 th
is
 p
er
io
d 
(t
ue
 in
 p
ar
t t
o 
th
ei
r 
pr
om
is
in
g 
ou
tlo
ok
 in
fo
re
ig
n-
ex
ch
an
ge
 e
ar
ni
ng
s 
th
ro
ug
h 
ex
po
rt
s.
 T
og
et
he
r,
 th
e 
ei
gh
t
ne
w
ly
 in
du
s-
tr
ia
lis
in
g 
co
un
tr
ie
s 
th
at
 g
en
er
at
ed
 th
re
e
qu
ar
te
rs
 o
f d
ev
el
op
in
g-
co
un
tr
y 
ex
-
po
rt
s 
of
 m
an
uf
ac
tu
re
s 
in
 1
97
6 
ac
co
un
te
d 
fo
r 
40
pe
r 
ce
nt
 o
f t
he
 a
cc
um
ul
at
ed
fo
re
ig
n 
de
bt
 o
F
 d
ev
el
op
in
g 
co
un
tr
ie
s 
by
 3
1 
D
ec
em
be
r 
19
79
.'
T
he
 b
or
ro
w
in
g 
m
ea
nt
 th
at
 th
is
se
t o
f c
ou
nt
rie
s 
w
as
 a
bl
e 
to
 g
ro
w
 fa
st
er
tit
an
 it
 w
ou
ld
 h
av
e 
ot
he
rw
is
e 
an
d,
 in
de
ed
, i
n
m
os
t i
ns
ta
nc
es
 fa
st
er
 th
an
 th
e
de
ve
lo
pe
d 
co
un
tr
ie
s.
 A
s 
a 
re
su
lt,
 th
e 
hi
gh
-g
ro
w
th
, h
ig
h-
ex
po
rt
in
g,
hi
gh
-d
eb
t
de
ve
lo
pi
ng
 c
ou
nt
rie
s 
w
er
e 
ab
le
 to
 s
us
ta
in
 th
ei
r 
de
m
an
d 
fo
r
ex
po
rt
s 
fr
om
 th
e
U
ni
te
d 
S
ta
te
s 
an
d 
ot
he
r 
de
ve
lo
pe
d 
C
ou
nt
rie
s,
es
pe
ci
al
ly
 in
 m
an
uf
ac
tu
re
s,
.u
id
, i
n 
ef
fe
ct
, p
ro
vi
de
 s
om
e 
ad
di
tio
na
l s
tim
ul
us
to
 g
ro
w
th
 o
f t
he
 d
ev
el
op
ed
ec
on
om
ic
s 
in
 th
e 
pe
rio
d 
of
 s
er
io
us
 r
ec
es
si
on
 (
19
74
-7
5)
. T
he
 O
rg
an
is
at
io
n 
fo
r
E
co
no
m
ic
 C
oo
pe
ra
tio
n 
an
d 
D
ev
el
op
m
en
t
(O
E
C
D
) 
ca
lc
ul
at
ed
 th
at
 th
e
ex
po
rt
 s
ur
pl
us
 in
 tr
ad
e 
in
 m
an
uf
ac
tu
re
s 
w
ith
 th
ird
 c
ou
nt
rie
s
ou
ts
id
e 
th
e
O
F
C
I)
 a
re
a 
so
se
 ft
oi
n 
$5
3 
bi
lli
on
 in
 1
97
3
to
 $
11
7 
bi
lli
on
 in
 1
97
5 
an
d
co
nc
lu
de
d 
th
at
 th
ird
 c
ou
nt
rie
s 
in
 g
en
er
al
, a
nd
am
on
g 
th
em
 th
e 
N
ls
 [n
ew
ly
in
du
st
ria
lis
in
g 
co
un
tr
ie
s]
, t
hu
s 
pr
ov
id
ed
 c
on
si
de
ra
bl
e
su
pp
or
t t
o 
O
E
C
D
m
an
uf
ac
tu
re
d 
ex
po
rt
s 
in
 th
e 
re
ce
ss
io
n'
.'
H
en
ce
, i
n 
sp
ite
 o
f t
he
 d
et
rim
en
ta
l e
ffe
ct
 o
f t
he
 o
il-
pr
ic
e
ris
e 
on
 th
e 
oi
l-
Im
po
rt
in
g 
de
ve
lo
pi
ng
 c
ou
nt
rie
s,
 th
ey
 w
er
e 
ab
le
 to
 s
us
ta
in
 th
ei
r 
de
m
an
d 
fo
r
m
an
uf
ac
tu
re
s.
 E
ve
n 
th
ou
gh
 o
il 
ro
se
 fr
om
 1
2
pe
r 
ce
nt
 o
f d
ev
el
op
in
g-
co
un
tr
y
im
po
rt
s 
in
 1
97
3 
to
 2
1 
pe
r 
ce
nt
 in
 1
97
9,
 m
an
uf
ac
tu
re
s 
re
ta
in
ed
a 
58
-6
0 
pe
r
ce
nt
 s
ha
re
 o
f d
ev
el
op
in
g-
co
un
tr
y 
im
po
rt
s
ov
er
 th
is
 p
er
io
d.
9 
D
ev
el
op
ed
-
co
un
tr
y 
ex
po
rt
s 
of
 e
ng
in
ee
rin
g 
go
od
s 
ro
se
 fr
om
 $
23
 b
ill
io
n 
in
 1
97
3
to
 $
73
bi
lli
on
 ii
, 1
97
9,
 th
e 
ex
po
rt
 s
ur
pl
us
 in
 th
es
e 
go
od
s 
ris
in
g
fr
om
 $
20
 b
ill
io
n 
to
$5
6 
bi
lli
on
."
' T
he
se
 d
at
a 
re
fle
ct
 a
n 
im
po
rt
an
t g
ro
w
th
 in
 in
ve
st
m
en
t
in
 n
on
-
oi
l d
ev
el
op
in
g 
co
un
tr
ie
s 
du
rin
g 
th
is
 p
er
io
d.
 If
 in
 fa
ct
 th
e
re
cy
cl
in
g 
of
 th
e
O
P
E
C
 s
ur
pl
us
 to
 d
ev
el
op
in
g
co
un
tr
ie
s 
ha
d 
be
en
 u
se
d 
to
 fi
na
nc
e 
co
ns
um
p-
tio
n 
ra
iti
er
 th
an
 in
ve
st
m
en
t, 
th
e 
gr
ow
th
pr
os
pe
ct
s 
of
 d
ev
el
op
in
g 
co
un
tr
ie
s
w
ou
ld
 b
e 
bl
ea
k,
 d
eb
t-
se
rv
ic
in
g 
ca
pa
ci
ty
 s
ev
er
el
y
re
du
ce
d 
an
d 
th
e 
tr
ad
e 
ga
in
s
br
 d
ev
el
op
ed
 c
ou
nt
rie
s 
di
m
in
is
he
d.
 In
 fa
ct
, c
on
su
m
pt
io
n 
gr
ow
th
in
 th
e 
no
n-
oi
l d
ev
el
op
in
g 
co
un
tr
ie
s 
fe
ll 
fr
om
an
 a
ve
ra
ge
 o
f 5
 p
er
 c
en
t i
n 
th
e 
pe
rio
d
l')
63
-7
3 
to
 3
.S
 p
er
 c
en
t i
n 
th
e 
pe
rio
d 
19
73
-7
8,
pe
rm
itt
in
g 
th
e 
av
er
ag
e 
an
nu
al
gr
ow
th
 in
 fi
xe
d 
in
ve
st
m
en
t t
o 
re
m
ai
n
at
 6
.5
 p
er
 c
en
t.t
' T
he
se
 tr
en
ds
 a
llo
w
ed
r-
r-
".
N
 Ic
4l
 D
 IR
D
N
 D
LI
2
de
ve
lo
pi
ng
-c
ou
nt
ry
 in
ve
st
m
en
t a
nd
 im
po
rt
s 
of
 m
ac
hi
ne
ry
 a
nd
 tr
an
sp
or
t
eq
ui
pm
en
t t
o 
re
m
ai
n 
hi
gh
 d
ur
in
g 
th
es
e 
ye
ar
s 
of
 s
lo
w
 g
ro
w
th
 in
 w
or
ld
 tr
ad
e.
Ik
uc
e 
th
e 
no
n-
oi
l d
ev
el
op
in
g 
co
un
tr
ie
s 
as
 a
 w
ho
le
, a
nd
 th
e 
hi
gh
-g
ro
w
th
.
hi
gh
-d
eb
t d
ev
el
op
in
g 
co
un
tr
ie
s 
in
 p
ar
tic
ul
ar
, p
la
ye
d 
a 
si
gn
ifi
ca
nt
 r
ol
e 
in
 th
e
po
st
-1
97
3 
w
or
ld
 e
co
no
m
y 
by
 m
ai
nt
ai
ni
ng
 h
ig
h 
gr
ow
th
 r
at
es
, h
ig
h 
in
ve
st
-
m
en
t r
at
es
 a
nd
 h
ig
h 
im
po
rt
 d
em
an
d.
 In
 th
is
 s
en
se
 th
e 
de
ve
lo
pi
ng
 c
ou
nt
rie
s
fa
ci
lit
at
ed
 th
e 
ov
er
al
l a
dj
us
tm
en
t o
f t
he
 w
or
ld
 e
co
no
m
y 
to
 r
is
in
g 
oi
l p
ric
es
by
 b
or
ro
w
in
g 
su
ffi
ci
en
tly
 to
 r
un
 tr
ad
e 
de
fic
its
 to
 o
ffs
et
 th
e 
O
P
E
C
 s
ur
pl
us
an
d 
pr
ov
id
e 
a 
m
ar
gi
n 
of
 a
dd
ed
 g
ro
w
th
 to
 w
or
ld
 tr
ad
e 
as
 a
 r
es
ul
t.'
2 
T
he
qu
es
tio
n 
ar
is
es
: c
an
 th
e 
de
ve
lo
pi
ng
 c
ou
nt
rie
s 
co
nt
in
ue
 to
 b
e 
a 
sh
oc
k 
ab
so
rb
er
fo
r 
th
e 
w
or
ld
 e
co
no
m
y 
in
 th
e 
19
80
s?
A
 v
ar
ie
ty
 o
f p
os
si
bi
lit
ie
s 
fo
r 
th
e 
fu
tu
re
 e
xi
st
, b
ut
 in
 o
rd
er
 to
 il
lu
st
ra
te
 th
e
na
tu
re
 o
f t
he
 p
ro
bl
em
, t
w
o 
br
oa
dl
y 
di
ffe
re
nt
 s
ce
na
rio
s 
m
ig
ht
 b
e 
im
ag
in
ed
w
hi
ch
 h
av
e 
qu
ite
 d
iff
er
en
t i
m
pl
ic
at
io
ns
 fo
r 
th
e 
na
tu
re
 o
f g
lo
ba
l i
nt
er
-
de
pe
nd
en
ce
 in
 tr
ad
e 
in
 m
an
uf
ac
tu
re
s.
O
ne
 s
ce
na
rio
 e
nv
is
ag
es
 th
e 
hi
gh
-d
eb
t d
ev
el
op
in
g 
co
un
tr
ie
s 
re
ac
hi
ng
 a
po
in
t i
n 
th
e 
ea
rly
 l9
80
s 
w
he
re
 th
ei
r 
de
bt
-s
er
vi
ce
 p
ay
m
en
ts
 b
ec
om
e 
eq
ui
iv
-
al
en
t t
o 
th
e 
in
flo
w
 o
f n
ew
 lo
an
s 
an
d 
cr
ed
its
. T
hi
s 
w
ou
ld
 m
ea
n 
th
at
 n
ew
bo
rr
ow
in
g 
w
ou
ld
 ju
st
 b
e 
su
ffi
ci
en
t t
o 
of
fs
et
 d
eb
t-
se
rv
ic
e 
pa
ym
en
ts
 o
n 
pr
e-
vi
ou
s 
bo
rr
ow
in
g 
an
d 
no
t s
uf
fic
ie
nt
 to
 fi
na
nc
e 
ad
di
tio
na
l i
m
po
rt
s.
 Im
po
rt
gr
ow
th
 w
ou
ld
 th
en
 h
av
e 
to
 d
ep
en
d 
m
or
e 
di
re
ct
ly
 o
n 
ex
po
rt
 g
ro
w
th
. W
he
it
th
is
 p
oi
nt
 is
 r
ea
ch
ed
, t
he
 h
ig
h-
de
bt
 d
ev
el
op
in
g 
co
un
tr
ie
s 
w
ill
 h
av
e 
to
 m
ak
e 
a
tr
an
si
tio
n 
fr
om
 a
 p
er
io
d 
of
 d
eb
t-
fin
an
ce
d 
gr
ow
th
 to
 a
 p
er
io
d 
of
 tr
ad
e-
fin
an
ce
d 
gr
ow
th
. I
n 
a 
pe
rio
d 
of
 tr
ad
e-
fin
an
ce
d 
gr
ow
th
, t
he
se
 d
ev
el
op
in
g
co
un
tr
ie
s 
w
ill
 b
e 
ra
th
er
 m
or
e 
de
pe
nd
en
t o
n 
th
e 
gr
ow
th
 r
at
e 
of
 w
or
ld
 tr
ad
e
an
d,
 in
 p
ar
tic
ul
ar
, o
n 
th
e 
gr
ow
th
 o
f t
he
 U
ni
te
d 
S
ta
te
s 
an
d 
ot
he
r 
de
ve
lo
pe
d
co
un
tr
ie
s 
as
 m
ar
ke
ts
 fo
r 
th
ei
r 
ex
po
rt
s 
th
an
 th
ey
 w
er
e 
in
 th
e 
pr
ev
io
us
 p
er
io
d
of
 d
eb
t-
fin
an
ce
d 
gr
ow
th
. T
hi
s 
is
 a
 s
ce
na
rio
 fr
au
gh
t w
ith
 d
iff
ic
ul
tie
s 
du
e 
to
th
e 
ou
tlo
ok
 fo
r 
sl
ug
gi
sh
 e
co
no
m
ic
 g
ro
w
th
 in
 O
E
C
D
 c
ou
nt
rie
s 
in
 th
e 
ea
rly
l9
80
s.
 It
 im
pl
ie
s 
(i)
 th
at
 th
e 
O
E
C
D
 c
ou
nt
rie
s 
ne
ed
 to
 b
e 
th
e 
en
gi
ne
 o
f
gr
ow
th
 fo
r 
th
e 
w
or
ld
 e
co
no
m
y 
an
d 
(ii
) 
th
at
 th
e 
de
ve
lo
pi
ng
 c
ou
nt
rie
s 
ca
nn
ot
co
nt
in
ue
 to
 s
er
ve
 a
s 
a 
st
ab
ili
se
r 
fo
r 
th
e 
in
te
rn
at
io
na
l e
co
no
m
ic
 s
ys
te
m
.
S
ir 
A
rt
hu
r 
Le
w
is
, i
n 
hi
s 
N
ob
el
 P
riz
e 
le
ct
ur
e,
'3
 p
os
es
 th
e 
po
ss
ib
ili
ty
 o
f a
di
ffe
re
nt
 s
ce
na
rio
, o
ne
 b
as
ed
 o
n 
an
 a
ss
um
pt
io
n 
of
 s
lo
w
er
 e
co
no
m
ic
 g
ro
w
th
in
 th
e 
O
E
C
D
 c
ou
nt
rie
s 
-.
 -
 w
ha
t h
e 
ca
lls
 th
e 
m
or
e 
de
ve
lo
pe
d 
co
un
tr
ie
s,
 H
e
as
su
m
es
 th
at
 e
xp
or
ts
 o
f t
he
 d
ev
el
op
in
g 
co
un
tr
ie
s 
ne
ed
 to
 g
ro
w
 a
t a
 r
at
e 
of
 6
pe
r 
ce
nt
 p
er
 y
ca
r 
w
he
re
as
 th
e 
m
or
e 
de
ve
lo
pe
d 
co
un
tr
ie
s 
w
ill
 in
cr
ea
se
 th
ei
r
im
po
rt
s 
fr
om
 d
ev
el
op
tn
g 
co
un
tr
ie
s 
by
 o
nl
y 
4 
pe
r 
ce
nt
 p
er
 y
ea
r.
 T
he
 o
nl
y 
w
ay
th
e 
in
te
rn
at
io
na
l t
ra
di
ng
 s
ys
te
m
 c
an
 a
cc
om
m
od
at
e 
th
es
e 
di
ve
rg
en
t, 
bu
t
lik
el
y,
 g
ro
w
th
 p
at
hs
 is
 fo
r 
tr
ad
e 
be
tw
ee
n 
de
ve
lo
pi
ng
 c
ou
nt
rie
s 
to
 g
ro
w
 s
ub
-
st
an
tia
lly
, i
nd
ee
d 
by
 II
 p
er
 c
en
t p
er
 a
nn
um
.
A
. S
ir 
A
rt
hu
r 
Le
w
n.
 m
u 
it:
l h
e 
pr
ob
le
m
 is
 w
he
th
er
 L
D
C
s 
[d
ev
el
op
in
g 
co
un
tr
ie
s)
 w
ill
 p
er
si
st
 in
ra
pi
d 
gr
ow
th
 d
es
pi
te
th
e 
sl
ow
do
w
n 
of
 M
D
C
s 
[m
or
e 
de
ve
lo
pe
d
co
un
tr
ie
sj
. l
ith
e 
ec
on
om
y 
is
 s
til
l d
ep
en
de
nt
, t
he
 b
al
an
ce
-o
f-
pa
ym
en
ts
w
ea
k 
ite
ss
 w
ill
 p
ul
l i
t d
ow
n;
 h
ut
 if
 it
 h
as
 a
tta
in
ed
, s
el
f-
su
st
ai
ni
ng
 g
ro
w
th
,
th
e 
w
ea
kn
es
s 
in
 th
e 
fo
re
ig
n 
ex
ch
an
ge
s 
m
er
el
y 
la
un
ch
es
 a
 d
riv
e 
to
 e
xp
or
t
to
 e
th
er
 L
[)
C
s,
 a
nd
 th
e 
w
ea
kn
es
s 
in
 th
e 
ba
la
nc
e 
of
 p
ay
m
en
ts
 is
 th
en
on
ly
 tr
an
si
tio
na
l.
lf 
a 
su
fli
ci
en
t n
um
be
r 
of
 L
O
C
s 
re
ac
h 
se
lf-
su
st
ai
ni
ng
 g
ro
w
th
 w
e 
ar
e
in
to
 a
 n
ew
 w
or
ld
. F
or
 th
is
 w
ill
 m
ea
n 
th
at
 in
st
ea
d 
of
 tr
ad
e 
de
te
rm
in
in
g
th
e 
ra
te
 e
l g
ro
w
th
 o
f L
D
C
 p
ro
du
ct
io
n,
 it
 w
ill
 b
e 
th
e 
gr
pw
th
 o
f L
D
C
pr
od
uc
tio
n 
th
at
 d
et
er
m
in
es
 .L
D
C
 tr
ad
e,
 a
nd
 in
te
rn
al
 fo
rc
es
 th
at
 w
ill
de
te
rm
in
e 
th
e 
ra
te
 o
f g
ro
w
th
 o
f p
ro
du
ct
io
n.
"
C
le
ar
ly
, t
hi
s 
im
pl
ie
s 
re
la
tiv
e 
au
to
no
m
y 
be
tw
ee
n 
de
ve
lo
pe
d 
an
d 
de
ve
lo
pi
ng
co
un
tr
ie
s 
as
 o
pp
os
ed
 to
 r
el
at
iv
el
y 
in
te
rlo
ck
in
g 
in
te
rd
ep
en
de
nc
e 
in
 th
e 
fir
st
sc
en
ar
io
, T
he
se
 tw
o 
sc
en
ar
io
s 
ra
is
e 
th
e 
is
su
e 
of
 w
ha
t a
lte
rn
at
iv
e 
in
te
r-
re
la
tio
ns
hi
ps
 a
re
 p
os
si
bl
e 
in
 th
e 
fu
tu
re
.
A
LT
E
R
N
A
T
tV
E
 F
U
T
U
R
E
S
O
f t
he
 tw
o 
sc
en
ar
io
s 
ju
st
 p
ut
 fo
rw
ar
d,
 o
ne
 is
 il
lu
st
ra
tiv
e 
of
 h
ig
h 
in
te
rd
e-
pe
nd
en
ce
 b
et
w
ee
n 
de
ve
lo
pe
d 
an
d 
de
ve
lo
pi
ng
 c
ou
nt
rie
s 
an
d 
on
e 
of
 lo
w
 in
te
r-
de
pe
nd
en
ce
. T
he
 h
ig
h-
in
te
rd
ep
cn
dc
nc
à 
sc
en
ar
io
 s
ug
ge
st
s 
th
at
 th
c 
de
gr
ee
 o
f
in
te
rd
ep
en
de
nc
e 
w
ou
ld
 in
cr
ea
se
 to
 th
e 
ex
te
nt
 th
at
 h
ig
h-
gr
ow
th
, h
ig
h-
de
bt
de
ve
lo
pi
ng
 c
ou
nt
rie
s 
m
ak
e 
th
e 
tr
an
si
tio
n 
fr
om
 d
eb
t-
fin
an
ce
d 
gr
ow
th
 to
tr
ad
e-
fin
an
ce
d 
gr
ow
th
. T
he
ir 
ec
on
om
ic
 g
ro
w
th
 w
ou
ld
 th
en
 r
es
t c
rit
ic
al
ly
 o
n
th
e 
ra
te
 o
f g
ro
w
th
 in
 w
or
ld
 tr
ad
e 
w
hi
ch
 is
 d
et
er
m
in
ed
 la
rg
el
y 
by
 e
co
no
m
ic
gr
ow
th
 in
 th
e 
O
E
C
D
 c
ou
nt
rie
s.
 T
he
 lo
w
-in
te
rd
ep
en
de
nc
e 
sc
en
ar
io
 p
ut
 fo
r-
w
ar
d 
by
 S
ir 
A
rt
hu
r 
Le
w
is
 w
ou
ld
 r
es
ul
t f
ro
m
 th
e 
co
m
bi
na
tio
n 
of
 th
e 
lik
el
y
sl
ow
 g
ro
w
th
 o
f t
he
 O
E
C
D
 c
ou
nt
rie
s 
in
 th
e 
fu
tu
re
 a
nd
 in
cr
ea
si
ng
 S
ou
th
-
S
ou
th
 tr
ad
e 
ba
se
d 
on
 th
e 
au
co
no
m
ou
s 
ca
pa
ci
ty
 o
f d
ev
el
op
in
g 
co
un
tr
ie
s 
to
ex
po
rt
 m
an
uf
ac
tu
re
s.
 T
he
 r
is
e 
of
 th
e 
ne
w
ly
 in
du
st
ria
lis
in
g 
co
un
tr
ie
s 
ill
us
-
tr
at
ed
 th
e 
ro
le
 o
f p
ub
lic
 p
ol
ic
y 
in
 th
e 
em
er
ge
nc
e 
of
 a
 s
el
ec
te
d 
nu
m
be
r 
of
hi
gh
ly
 d
yn
am
ic
 e
xp
or
tin
g 
co
un
tr
ie
s.
 M
ar
ke
t f
or
ce
s 
al
so
 p
la
y 
a 
ro
le
 in
 d
et
er
-
m
in
in
g 
ch
an
ge
s 
in
 th
e 
pa
tte
rn
s 
of
 c
om
pa
ra
tiv
e 
ad
va
nt
ag
e.
I-
lo
w
 th
es
e 
fo
ur
 p
er
sp
ec
tiv
es
 c
om
e 
to
 b
ea
r 
to
ge
th
er
 o
n 
th
e 
fu
tu
re
 p
at
te
rn
of
 tr
ad
e 
in
 m
an
uf
ac
tu
re
s 
ca
n 
be
 u
se
fu
lly
 a
na
ly
se
d 
by
 e
xa
m
in
in
g 
th
em
 in
re
la
tio
n 
to
 a
ss
um
pt
io
ns
 a
bo
ut
 th
e 
pr
os
pe
ct
s 
fo
r 
gr
ow
th
 in
 th
e 
O
E
C
D
co
un
tr
ie
s.
 S
om
e 
of
 th
e 
hi
gh
lig
ht
s 
ca
n 
be
 d
ra
w
n 
to
ge
th
er
 in
 a
 tw
o-
by
-t
w
o
ch
ar
t (
F
ig
ur
e 
1)
 a
s 
a 
w
ay
 o
f e
xa
m
in
in
g 
di
m
en
si
on
s 
an
d 
im
pl
ic
at
io
ns
 o
f s
om
e
of
 th
e 
re
ce
nt
 fo
re
ca
st
s 
an
d 
sc
en
ar
io
s 
of
 in
te
rn
at
io
na
l e
co
no
m
ic
 r
el
at
io
ns
 in
L.
,..
"t
.
O
E
C
I)
gr
ow
th
(t
I4
LJ
 t'
tu
tr
Lt
"u
tN
IL
F
IG
U
R
E
 1
T
he
se
 w
ou
ld
 d
et
er
m
in
e 
th
e 
pa
tte
rn
 o
f r
es
ou
rc
e 
al
lo
ca
tio
n 
w
ith
in
 c
ou
nt
rie
s
re
su
lti
ng
 in
 't
ra
di
ng
 u
p'
 in
 th
e 
co
m
po
si
tio
n 
of
 e
xp
or
ts
 to
 m
or
e 
sk
ill
-in
te
ns
iv
e
an
d 
ca
pi
ta
l-i
nt
en
si
ve
 p
ro
du
ct
s 
as
 th
ei
r 
en
do
w
m
en
ts
 c
ha
ng
e 
or
 'r
at
ch
et
in
g'
 o
f
co
un
tr
ie
s 
in
to
 n
ew
 't
ie
rs
' a
s 
ex
po
rt
er
s 
of
 m
an
uf
ac
tu
re
s.
 T
hi
s 
w
ou
ld
 b
e 
tr
ue
 o
f
de
ve
lo
pe
d 
co
un
tr
ie
s,
 a
s 
w
el
l a
s 
of
 d
ev
el
op
in
g 
co
un
tr
ie
s,
 p
er
m
itt
in
g 
th
em
 to
ex
pe
rie
nc
e 
dy
na
m
ic
 e
xp
or
t g
ro
w
th
 a
nd
 r
el
at
iv
el
y 
sm
oo
th
 s
tr
uc
tu
ra
l a
dj
us
t-
m
en
t i
nt
er
na
lly
.
T
he
 s
ce
na
rio
 in
 q
ua
dr
an
t
I
is
 a
 h
ig
hl
y 
op
tim
is
tic
 o
ne
 w
hi
ch
 r
el
ie
s 
pu
-
ni
ar
ily
 o
n 
th
e 
fa
vo
ur
ab
le
 p
ol
ic
ie
s 
an
d 
co
nd
iti
on
s 
pr
ev
ai
lin
g 
in
 d
ev
el
op
ed
co
un
tr
ie
s.
 In
 th
is
 r
es
pe
ct
, t
he
 o
ut
lo
ok
 o
f t
he
 s
ce
na
rio
 fo
r 
a 
hi
gh
-g
ro
w
th
 a
nd
dy
na
m
ic
 w
or
ld
 e
co
no
m
y 
is
 s
im
ila
r 
to
 th
e 
O
E
C
D
 J
nt
er
fu
tu
re
s 
sc
en
ar
io
 o
f
S
tr
on
g 
an
d 
co
nv
er
gi
ng
 g
ro
w
th
 in
' d
ev
el
op
ed
 c
ou
nt
rie
s 
(S
ce
na
rio
 A
).
 T
hi
s
sc
en
ar
io
 h
as
 v
er
y 
st
ee
p 
re
qu
ire
m
en
ts
 (
or
 it
 to
 c
om
e 
in
to
 e
ffe
ct
: (
i) 
th
e 
re
co
ve
ry
11
1
th
e 
19
80
s.
 It
 s
ho
ul
d 
be
 u
nd
er
st
oo
d 
th
at
 s
om
e 
of
 th
es
e 
ar
c 
he
ur
is
tic
 a
nd
ill
us
tr
at
e 
by
 e
xt
re
m
es
 th
e 
ou
te
r 
bo
un
ds
 o
f a
lte
rn
at
iv
e 
in
te
r-
re
la
tio
ns
hi
ps
.
T
he
 w
or
ld
 tr
ad
e 
sc
en
ar
io
 in
 th
e 
fir
st
 q
ua
dr
an
t o
f F
ig
ur
e 
1 
as
su
m
es
, u
do
es
 th
e 
B
ra
nd
t C
om
m
is
si
on
 fo
r 
ex
am
pl
e,
 th
at
 'i
i i
s 
th
e 
O
E
C
D
 c
ou
nt
rie
s
w
hi
ch
 w
ill
 h
av
e 
to
 b
e 
th
e 
pr
in
ci
pa
l o
ut
le
t f
or
 fu
tu
re
 e
xp
an
si
on
 o
f e
xp
or
t-
or
ie
nt
ed
 in
du
st
ria
l p
ro
du
ct
io
n 
in
 th
e 
S
ou
th
'.'
5 
T
he
 c
om
bi
na
tio
n 
of
 s
uc
-
ce
ss
fu
l r
ec
ov
er
y 
po
lic
ie
s 
in
 th
e 
O
E
C
D
 c
ou
nt
rie
s 
an
d 
hi
gh
 N
or
th
-S
ou
th
 u
sd
a
lin
ka
ge
s 
w
ou
ld
 r
es
ul
t i
n 
hi
gh
 r
at
es
 o
f g
ro
w
th
 in
 th
e 
de
ve
lo
pi
ng
 c
ou
nt
rie
s.
N
or
th
-S
ou
th
 in
te
rd
ep
en
de
nc
e
-
H
ig
h
Lo
w
H
ig
h
(I
I
H
ig
h 
tr
ad
e 
gr
ow
th
H
ig
h 
LI
?C
 g
ro
w
th
R
at
ch
ct
in
g'
S
tr
uc
tu
ra
l a
dj
us
tm
en
t
(l
ns
er
ju
su
re
s 
Sc
ei
w
ri
u 
A
)
(W
or
ld
 D
an
k 
D
os
e)
(4
)
R
eg
io
na
l t
ra
di
ng
 b
lo
c
P
ro
te
ct
io
ni
sm
B
re
ak
do
w
n 
of
 tr
ec
.tr
ad
c
sy
st
em
(l
nt
er
fu
tu
rv
s 
Sc
en
ar
Io
 0
)
L
ow
(2
1
Sl
ow
tr
ad
e 
gr
ow
th
Lo
w
 L
D
C
 g
ro
w
th
S
ta
tic
 tr
ad
e 
pa
tte
rn
s
P
ro
te
ct
io
ni
sm
N
o 
si
ru
et
ur
at
 a
dj
us
tm
en
t
(W
or
ld
D
an
k 
L
ow
)
(3
1
H
ig
h 
LD
C
 g
ro
w
th
H
ig
h 
in
ira
-L
D
C
 tr
ad
e
S
lo
w
 in
tr
a-
O
E
C
D
 tr
ad
e
M
ut
ua
l a
ut
on
om
y 
(N
.S
)
N
o 
st
ru
ct
ur
al
 a
dj
us
tm
cn
l
S
lo
w
er
 tr
ad
in
g
up
(I
nt
er
fu
tu
re
s 
Sc
en
ar
io
 C
)
Si
r 
A
rt
hu
r 
I.
ew
ss
)
ol
 m
y
th
ct
pt
dW
1'
cF
''r
,il
 U
 m
e
i)
 .1
.d
 d
!&
tid
_i
i!
au
ag
em
en
t p
ol
ic
ie
s,
 (
iv
) 
tr
ad
e 
L
ib
er
al
is
at
io
n,
 (
v)
 m
as
si
ve
fi
na
nc
ia
l f
lo
w
s 
to
 th
e 
T
hi
rd
 W
or
ld
 a
nd
 (
vi
) 
po
lic
ie
s 
to
 e
nh
an
ce
 e
ne
rg
y 
co
n-
se
rv
at
io
n 
an
d 
su
pp
1y
.
T
hi
s 
is
 a
 ta
ll 
or
de
r 
in
de
ed
 a
nd
 im
pl
ie
s 
'th
e 
ac
tiv
e
co
nt
ro
l o
f 
ch
an
ge
 b
y 
go
ve
rn
m
en
ts
' -
 p
er
ha
ps
 a
 ta
lle
r 
or
de
r 
st
ill
.
T
hi
s 
sc
en
ar
io
 is
 q
ui
te
 s
im
ila
r 
to
 th
e 
on
e 
la
be
lle
d 
're
qu
ir
em
en
ts
 f
or
 la
st
er
gr
ow
th
' (
R
FG
) 
th
at
 is
 p
ro
je
ct
ed
 b
y 
th
e 
W
or
ld
 B
an
k 
fo
r 
th
e 
)9
80
S 
in
 it
s
W
or
ld
 D
eu
e'
lo
pn
ie
nr
 R
ep
or
t f
or
 1
98
1 
(s
ee
 T
ab
le
 I
).
 T
he
 r
eq
ui
re
m
en
ts
 f
or
 th
e
R
FG
 s
ce
na
ri
o 
in
cl
ud
e 
a 
ve
ry
 h
ig
h 
le
ve
l o
f 
ca
pi
ta
l f
lo
w
s 
(b
ot
h 
pu
bl
ic
 a
nd
pr
iv
at
e)
 a
nd
 th
e 
re
du
ct
io
n 
or
 e
lim
in
at
io
n 
of
 n
on
-t
ar
if
f 
m
ea
su
re
s 
af
fe
ct
in
g
de
ve
lo
pi
ng
-c
ou
nt
ry
 e
xp
or
ts
, i
n 
ad
di
tio
n 
to
 th
e 
as
su
m
pt
io
n 
em
bo
di
ed
 in
 th
e
T
A
ttL
E
 I
W
or
ld
 B
an
k
G
ro
w
th
 S
ce
na
rio
s
(a
ve
ra
ge
 a
nn
ua
l p
er
ce
nt
ag
e 
go
w
th
)
So
ur
ce
: W
or
ld
 D
ev
el
op
m
en
t R
ep
or
t 1
98
1 
(W
as
hi
ng
to
n:
 W
or
ld
 B
an
k.
 1
95
1)
 T
ab
le
s 
2.
2,
 2
.3
 a
nd
 2
.7
 a
nd
pp
. 8
-1
9.
'S
ce
na
rio
 la
be
lle
d
rc
qu
ir
em
cn
hs
 f
or
 la
st
er
 g
ro
w
th
'. 
as
su
m
in
g 
hi
th
er
 c
ap
ita
l
R
ow
s 
pl
us
 r
du
cc
d
pr
ot
ec
tio
ni
sm
.
hi
gh
-g
ro
w
th
 s
ce
na
ri
o 
th
at
 th
e 
de
ve
lo
pe
d 
co
un
tr
ie
s 
w
ill
 b
e 
're
la
tiv
el
y 
su
c-
ce
ss
fu
l' 
in
 m
ee
tin
g 
th
e 
cu
rr
en
t c
ha
lle
ng
es
 o
f 
pr
od
uc
tiv
ity
 g
ro
w
th
, i
nf
la
tio
n,
un
em
pl
oy
m
en
t a
nd
 la
gg
in
g 
ou
tp
ut
. T
he
 ji
ke
lih
oo
d 
of
 th
is
 c
om
bi
na
tio
n 
of
ci
rc
um
st
an
ce
s 
oc
cu
rr
in
g,
 a
s 
th
e 
W
or
ld
 B
an
k 
in
di
ca
te
s,
 is
 p
os
si
bl
e 
bu
t n
ot
pr
ob
ab
le
.
T
he
 r
ea
l c
ha
lle
ng
e 
of
 th
e 
l9
80
s 
is
 h
ow
 to
 a
vo
id
 th
e 
lo
w
-g
ro
w
th
 s
ce
na
ri
o
w
hi
ch
 th
e 
W
or
ld
 H
an
k 
pr
oj
ec
ts
 w
ill
 o
cc
ur
 in
 th
e 
ev
en
t o
f 
un
su
cc
es
sf
ul
 a
d-
ju
si
m
er
it 
by
 th
e 
de
ve
lo
pe
d 
co
un
tr
ie
s,
 lo
w
er
 c
ap
ita
l f
lo
w
s 
an
d 
hi
gh
er
 p
ro
-
te
ci
io
ni
sm
. T
he
se
 f
ac
to
rs
 te
nd
 to
 h
av
e 
a 
re
in
fo
rc
in
g 
ef
fe
ct
 o
n 
on
e 
an
ot
he
r
an
d 
on
 th
ei
r 
im
pa
ct
 o
n 
th
e 
w
or
ld
 e
co
no
m
y.
 S
lo
w
er
 g
ro
w
th
 in
 th
e 
de
ve
lo
pe
d
co
un
tr
ie
s 
w
ith
 h
ig
he
r 
un
em
pl
oy
m
en
t t
en
ds
 to
 e
ng
en
de
r 
m
or
e 
pr
ot
ec
tio
ni
s
w
hi
ch
 s
lo
w
s 
do
w
n 
w
or
ld
 tr
ad
e 
an
d 
ec
on
om
ic
 g
ro
w
th
 s
til
l f
ur
th
er
. C
on
tr
a
tio
n 
co
ns
tr
ai
ns
 p
ub
lic
 b
ud
ge
ts
 a
nd
 p
ro
sp
ec
ts
 f
or
 p
ri
va
te
 in
ve
st
m
en
t, 
so
 it
du
ci
ng
 c
ap
ita
l f
lo
w
s.
 T
he
 r
es
ul
t i
s 
m
ut
ua
lly
 r
ei
nf
or
ci
ng
 s
lo
w
er
 g
ro
w
th
, N
on
an
d 
So
ut
h.
T
he
 im
pa
ct
 o
f 
th
es
e 
fa
ct
or
s 
on
 d
ev
el
op
in
g 
co
un
tr
ie
s 
is
 p
ar
tic
ul
ar
ly
 s
tr
ik
in
on
 th
e 
m
id
dl
e-
in
co
m
e 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 (
se
e 
T
ab
le
 1
).
 B
ec
au
se
 o
f 
tl
se
ns
iti
vi
ty
 o
f 
tr
ad
e 
in
 m
an
uf
ac
tu
re
s 
to
 in
co
m
e 
gr
ow
th
 a
nd
 p
ro
te
ct
io
n,
 m
an
L
fa
ct
 u
re
d 
ex
po
rt
s 
of
 d
ev
el
op
in
g 
co
un
tr
ie
s 
w
ou
ld
 g
ro
w
 a
t o
ve
r 
12
 p
er
 c
en
t i
n
hi
gh
-g
ro
w
th
 w
or
ld
 e
co
no
m
y 
ra
th
er
 th
an
 a
t 5
 p
er
 c
en
t i
n 
a 
lo
w
-g
ro
w
l
sc
en
ar
io
. A
s 
a 
re
su
lt,
 th
e 
ec
on
om
ic
 g
ro
w
th
 o
f 
m
id
dl
e-
in
co
m
e 
de
ve
lo
pi
n
co
un
tr
ie
s 
sh
ow
s 
th
e 
la
rg
es
t s
en
si
tiv
ity
 to
 th
es
e 
ch
an
ge
s,
 in
cr
ea
si
ng
 f
ro
m
 4
.
pe
r 
ce
nt
 to
 5
.6
 p
er
 c
en
t a
s 
th
e 
gr
ow
th
 o
f 
th
e 
O
E
C
D
 c
ou
nt
ri
es
 a
nd
 w
or
li
tr
ad
e 
ac
ce
le
ra
te
. T
he
 W
or
ld
 B
an
k 
es
tim
at
es
 th
at
 r
ou
gh
ly
 h
al
f 
th
e 
di
ff
er
en
c
be
tw
ee
n 
lo
w
 a
nd
 h
ig
h 
gr
ow
th
 in
 g
ro
ss
 d
om
es
tic
 p
ro
du
ct
 (
G
D
P)
 in
 m
id
dl
4
in
co
m
e 
co
un
tr
ie
s 
is
 a
ttr
ib
ut
ab
le
 to
 s
lo
w
er
 g
ro
w
th
 in
 th
e 
O
E
C
D
 c
ou
nt
ri
c
an
d 
lo
w
er
 c
ap
ita
l f
lo
w
s 
an
d 
th
at
 a
 li
ttl
e 
le
ss
 th
an
 h
al
f 
th
e 
di
ff
er
en
ce
 is
 d
ue
 t4
pr
ot
ec
tio
ni
sm
 a
nd
 p
oo
re
r 
pe
rf
on
na
ne
c 
in
 th
e 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 th
cm
se
lv
es
.
If
 th
e 
sl
ow
er
-g
ro
w
th
 s
ce
na
ri
o 
w
er
e 
to
 o
cc
ur
, a
s 
in
 q
ua
dr
an
t 2
, u
nd
er
co
nd
iti
on
s 
of
 h
ig
h 
N
or
th
-S
ou
th
 in
te
rd
ep
en
de
nc
e,
 s
lo
w
er
 g
ro
w
th
 in
 w
or
ld
tr
ad
e 
an
d 
lo
w
er
 g
ro
w
th
 in
 th
e 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 w
ou
ld
 b
e 
ex
pe
ct
ed
.
C
ha
ng
es
 in
 th
e 
pr
od
uc
t c
om
po
si
tio
n 
of
 w
or
ld
 tr
ad
e 
w
ou
ld
 e
vo
lv
e 
m
or
e
sl
ow
ly
 a
s 
pr
ot
ec
tio
ni
sm
 a
nd
 r
es
is
ta
nc
e 
to
 s
tr
uc
tu
ra
l a
dj
us
tm
en
t b
ec
am
e 
th
e
no
rm
. G
iv
en
 th
e 
pr
es
su
re
s 
ex
er
tin
g 
th
em
se
lv
es
 o
n 
th
e 
ne
w
ly
 in
du
st
ri
al
is
in
g
co
un
tr
ie
s,
 th
ei
r 
ec
on
om
ic
s 
w
ou
ld
 c
om
e 
un
de
r 
st
ra
in
 a
s 
sl
ow
er
 tr
ad
e 
gr
ow
th
w
ou
ld
 f
ai
l t
o 
pr
ov
id
e 
th
e 
im
pe
tu
s 
fo
r 
in
te
rn
al
 tr
an
sf
or
m
at
io
n 
to
 m
ov
e 
to
 th
e
ne
xt
 s
ta
ge
 o
f 
in
du
st
ri
al
is
at
io
n 
an
d 
ex
po
rt
s.
 T
hi
s 
st
ra
in
 w
ou
ld
 n
ot
 o
nl
y
da
m
pe
n 
th
e 
de
m
an
d 
of
 th
e 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 f
or
 im
po
rt
ed
 c
ap
ita
l g
oo
ds
an
d 
ot
he
r 
O
E
C
D
 e
xp
or
ts
;
it
w
ou
ld
 a
ls
o 
cr
ea
te
ba
la
nc
e-
of
-p
ay
m
en
ts
di
ff
ic
ul
tie
s,
 s
o 
ag
gr
av
at
in
g 
th
ei
r 
de
bt
 p
ro
bl
em
s.
 I
n 
th
e 
fa
ce
 o
f 
th
es
e 
ci
rc
un
i-
st
an
ce
s,
 m
or
e 
re
st
ri
ct
iv
e
im
po
rt
 p
ol
ic
ie
s 
of
 th
e 
ne
w
ly
in
du
st
ri
al
is
in
g
co
un
tr
ie
s 
w
ou
ld
 u
*u
.u
ub
te
dl
y 
be
 im
po
se
d,
 f
ur
th
er
 h
am
pe
ri
ng
 th
e 
gr
ow
th
ou
tlo
ok
 f
or
 n
ew
ly
 in
du
st
ri
al
is
in
g 
co
un
tr
ie
s 
an
d 
th
ei
r 
co
nt
ri
bu
tio
n 
to
 w
or
ld
tr
ad
e.
 P
ro
te
ct
io
ni
sm
 in
 d
ev
el
op
ed
 c
ou
nt
ri
es
 w
ou
ld
 u
nd
ou
bt
ed
ly
 f
oc
us
 o
n
la
bo
ur
-i
nt
en
si
ve
, m
an
uf
ac
tu
re
s 
as
 u
ne
m
pl
oy
m
en
t w
or
se
ne
d,
 th
er
eb
y 
da
m
-
pe
ni
ng
 th
e 
ex
po
rt
 d
ri
ve
s 
of
 th
e 
'n
ex
t t
ie
r' 
of
 d
ev
el
op
in
g 
co
un
tr
ie
s,
 f
or
ci
ng
th
em
 b
ac
k 
to
 p
ri
m
ar
y-
pr
od
uc
t e
xp
or
ts
 a
nd
 to
 im
po
rt
-s
ub
st
itu
tio
n 
po
lic
ie
s.
In
 th
e 
W
or
ld
 H
an
k'
s 
lo
w
-g
ro
w
th
 s
ce
na
ri
o 
m
an
uf
ac
tu
re
d 
ex
po
rt
s 
fr
om
 th
e
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 g
ro
w
 b
y 
al
m
os
t 6
0 
pe
r 
ce
nt
 le
ss
 in
 th
e 
l9
80
s 
th
an
 in
 th
e
pe
ri
od
19
70
-8
0.
 T
hi
s 
pu
ts
 tr
em
en
do
us
 p
re
ss
ur
e 
on
' t
he
 o
ut
lo
ok
fo
r
de
ve
lo
pi
ng
-c
ou
nt
ry
 in
du
si
ri
al
is
at
io
n 
an
d 
tr
ad
e.
 S
lo
w
 g
ro
w
th
 a
nd
 p
ro
te
ct
io
n-
19
10
-8
0
19
80
-9
0
L
ow
H
ig
h
O
E
C
D
 G
O
P 
gr
ow
th
3.
3
2.
8
3.
6
W
or
ld
 e
xp
or
ts
l)e
ve
lo
pi
ng
-c
ou
ut
ry
 e
xp
or
ts
io
ta
)
5.
3
4.
6
3.
7
3.
9
5.
7
7.
6
N
on
-f
ue
l p
rim
ar
y
3.
9
3.
4
4.
0
M
an
uf
ac
tu
re
s
12
.9
5.
1
12
.2
D
ev
el
op
in
g-
co
un
tr
y 
gr
ow
th
R
F
G
'
A
l) 
de
ve
lo
pi
ng
 c
ou
nt
rie
s
5.
1
6.
1
4.
5
5.
7
M
id
dl
e-
in
co
m
e 
(o
il-
im
po
rt
in
g)
5.
6
6.
2
4.
3
5.
6
Lo
w
-in
co
m
e 
(o
il-
im
po
rt
in
g)
5.
1
4.
5
3.
0
4.
1
ts
n 
w
ou
ld
 Ie
sc
n
th
e 
ad
op
tio
n 
by
 d
ev
el
op
in
g 
co
un
tr
ie
s 
of
 e
xp
or
t-
or
ie
ni
ed
po
lic
ie
s
br
 g
ro
w
th
, s
hr
in
ki
ng
 th
ei
r 
ca
pa
ci
ty
 f
or
 d
eb
t s
er
vi
ci
ng
 a
nd
 f
or
 in
-
cr
ea
si
ng
 im
po
rt
s.
If
 it
 is
 a
ss
um
ed
 th
at
 th
is
 s
ce
na
ri
o 
is
 u
na
cc
ep
ta
bl
e 
to
 d
ev
el
op
in
g 
co
un
tr
ie
s,
th
e 
lo
gi
ca
l s
tr
at
eg
y 
fo
r 
th
em
 to
 p
ur
su
e 
is
 o
ne
 o
f 
em
ph
as
is
in
g 
So
ut
h-
So
ut
h
tr
ad
e 
(q
ua
dr
an
t 3
).
 I
f 
Si
r 
A
rt
hu
r 
L
ew
is
 is
 r
ig
ht
, a
nd
 d
ev
el
op
in
g 
co
un
tr
ic
s 
ca
n
be
co
m
e 
th
e 
en
gi
ne
 o
f 
th
ei
r 
ow
n 
gr
ow
th
, t
hi
s 
sc
en
ar
io
 w
ou
ld
 le
ad
 to
 h
ig
h
de
ve
lo
pi
ng
-c
ou
nt
ry
 g
ro
w
th
 a
nd
 a
 h
ig
h 
le
ve
l o
f 
tr
ad
e 
be
tw
ee
n 
de
ve
lo
pi
ng
co
un
tr
ie
s.
 H
e 
po
st
ul
at
ed
 a
 d
ev
el
op
in
g-
co
un
tr
y 
gr
ow
th
 r
at
e 
of
 6
 p
er
 c
en
t a
s
pl
au
si
bl
e 
w
ith
 a
 g
ro
w
th
 r
at
e 
of
 4
 p
er
 c
en
t i
n 
de
ve
lo
pe
d-
co
un
tr
y 
im
po
rt
s,
pr
ov
id
in
g 
tr
ad
e 
be
tw
ee
n 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 g
re
w
 b
y 
II
 p
er
 c
en
t. 
B
ut
 th
is
ra
te
 o
f 
tr
ad
e 
be
tw
ee
n 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 is
 a
lm
os
t h
al
f 
ag
ai
n 
as
 h
ig
h 
as
 th
e
gr
ow
th
 r
at
e 
of
 d
ev
el
op
in
g-
co
un
tr
y 
tr
ad
e 
in
 th
e 
W
or
ld
 B
an
k'
s 
hi
gh
-g
ro
w
th
sc
en
ar
io
. O
ne
 w
ou
ld
 im
ag
in
e,
 tr
ad
e 
be
tw
ee
n 
O
E
C
D
 c
ou
nt
ri
es
 to
 b
e 
sl
ow
er
 in
th
is
 s
ce
na
ri
o,
 d
ue
 to
 s
lo
w
er
 g
ro
w
th
 in
 th
e 
O
E
C
D
 c
ou
nt
ri
es
, t
he
 m
ul
tip
lie
rs
af
fe
ct
in
g 
ec
on
om
ic
 a
ct
iv
ity
 o
pe
ra
tin
g 
do
w
nw
ar
d 
in
 a
 r
ev
er
be
ra
tin
g 
fa
sh
io
n
ju
st
 a
s 
th
ey
 d
o 
in
 th
e 
up
w
ar
d 
di
re
ct
io
n.
 T
he
 in
te
rn
at
io
na
l d
iv
is
io
n 
of
 la
bo
ur
w
ou
ld
 p
ro
ce
ed
 m
or
e 
sl
ow
ly
. T
ra
de
 b
et
w
ee
n 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 w
ou
ld
re
qu
ir
e 
le
ss
 v
ig
or
ou
s 
st
ru
ct
ur
al
 tr
an
sf
or
m
at
io
n 
th
an
 w
ou
ld
 p
at
te
rn
s 
of
 tr
ad
e
be
tw
ee
n 
th
e 
O
E
C
D
 a
nd
 d
ev
el
op
in
g 
co
un
tr
ie
s;
 a
nd
 th
e 
O
E
C
D
 c
ou
nt
ri
es
w
ou
ld
 f
ee
l l
es
s 
pr
es
su
re
 to
 p
ha
se
 o
ut
 la
bo
ur
-i
nt
en
si
ve
 in
du
st
ri
es
.
If
 th
is
 s
ce
na
ri
o 
w
er
e 
ta
ke
n 
to
 it
s 
ex
tr
em
e,
 it
 w
ou
ld
 e
nt
ai
l a
 v
ir
tu
al
 b
re
ak
 in
N
or
th
-S
ou
th
 tr
ad
e 
re
la
tio
ns
 a
s 
an
 e
ff
or
t w
as
 m
ad
e 
to
 a
ch
ie
ve
 g
re
at
er
 in
de
-
pe
nd
en
ce
, p
ar
tic
ul
ar
ly
 o
n 
th
e 
pa
rt
 o
f 
th
e 
So
ut
h.
 T
hi
s 
w
ou
ld
 b
e 
th
e 
eq
ui
va
-
le
nt
 o
f 
th
e 
N
or
th
-S
ou
th
 b
re
ak
do
w
n 
sc
en
ar
io
 (
ln
t&
fu
tu
re
s 
Sc
en
ar
io
 C
).
 T
hi
s
sc
en
ar
io
 p
ro
je
ct
ed
 in
tr
a-
O
E
C
D
 tr
ad
e 
in
cr
ea
si
ng
 to
 4
5 
pe
r 
ce
nt
 o
f 
w
or
ld
tr
ad
e 
in
 m
an
uf
ac
tu
re
s 
fr
om
 3
6 
pe
r 
ce
nt
 u
nd
er
 it
s 
lo
w
-g
ro
w
th
 s
ce
na
ri
o
(l
nt
er
fu
tu
re
s 
Sc
en
ar
io
 R
-2
),
 tr
ad
e 
in
 m
an
uf
ac
tu
re
s 
be
tw
ee
n 
de
ve
lo
pi
ng
co
un
tr
ie
s 
in
cr
ea
si
ng
 to
 l3
 p
er
 c
en
t f
ro
m
 6
 p
er
 c
en
t, 
w
ith
 d
ev
el
op
in
g-
co
un
tr
y
im
po
rt
s 
fr
om
 d
ev
el
op
ed
 c
ou
nt
ri
es
 d
ro
pp
in
g 
fr
om
 2
0 
pe
r 
ce
nt
 o
f 
w
or
ld
 tr
ad
e
to
 1
0 
pe
r 
ce
nt
 a
nd
 d
ev
el
op
ed
-c
ou
nt
ry
 im
po
rt
s 
of
 m
an
uf
ac
tu
re
s 
fr
om
 th
e
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 d
ec
lin
in
g 
fr
om
 1
2 
pe
r 
ce
nt
 to
 5
 p
er
 c
en
t."
 T
he
 in
te
re
st
-
in
g 
as
pe
ct
 o
f 
th
is
 s
ce
na
ri
o 
is
 th
e 
de
gr
ee
 to
 w
hi
ch
 d
ev
el
op
ed
-c
ou
nt
ry
 r
at
es
 o
f
gr
ow
th
 a
re
 a
ff
ec
te
d
,
pa
th
 o
f 
m
ut
ua
l a
ut
on
om
y.
 J
ap
an
 a
nd
 th
e
co
un
tr
ie
s 
of
 W
es
te
rn
 E
ur
op
e 
ar
e 
pa
rt
ic
ul
ar
ly
 h
ar
d 
hi
t b
ec
au
se
 o
f 
th
ei
r 
de
-
pe
nd
en
ce
 o
n 
im
po
rt
ed
 r
aw
 m
at
er
ia
ls
, t
he
ir
 r
ea
dj
us
tm
en
t b
ri
ng
in
g 
do
w
n 
th
e
ov
er
al
l g
ro
w
th
 r
at
e 
of
 d
ev
el
op
ed
 c
ou
nt
ri
es
 to
 2
.3
 p
er
 c
en
t.
In
 a
 s
lo
w
-g
ro
w
th
, I
ro
tc
ct
io
ni
st
 a
nd
 p
ol
iti
ci
se
d 
w
or
ld
, t
he
 lo
gi
ca
l s
tr
at
eg
y
w
ou
ld
 b
e 
a 
st
ra
te
gy
 o
f 
pr
ef
er
en
tia
l t
ra
de
 w
ith
 s
pe
ci
fi
c 
se
ts
 o
f 
co
un
tr
ie
s 
w
hi
ch
se
rv
e 
in
te
re
st
s 
an
d 
ne
ed
s 
m
os
t d
ir
ec
tly
 a
nd
 p
ro
te
ct
io
ni
sm
 a
ga
in
st
 a
ll 
ot
he
rs
.
T
hi
s 
w
ou
ld
 b
e 
a 
w
or
ld
 o
f 
tr
ad
in
g 
bl
oc
s 
in
 w
hi
ch
 n
at
io
na
l g
ov
er
nm
en
ts
-'
L
7
...
.-
..1
w
ou
ld
 s
ee
k 
to
 r
eg
ul
at
e 
tr
ad
e 
in
 te
rm
s 
of
 n
at
io
na
l i
nt
er
es
t a
nd
 th
e 
m
ul
til
er
al
 a
rr
an
ge
m
en
ts
 w
ou
ld
 b
e 
ov
er
tu
rn
ed
. T
hi
s 
is
a 
sc
en
ar
io
 (
Sc
en
ar
io
 D
In
te
rf
ut
ur
es
) 
w
hi
ch
 im
pr
ov
es
 r
at
es
 o
f 
gr
ow
th
 a
nd
 tr
ad
e 
fl
ow
s 
in
 c
om
pa
ri
i
w
ith
 a
 N
or
th
-S
ou
th
 b
re
ak
, b
ut
 w
hi
ch
 q
ua
lit
at
iv
el
y 
de
st
ro
ys
 th
e 
in
te
rn
at
io
tr
ad
in
g 
sy
st
em
 a
s 
it 
is
 k
no
w
n 
to
da
y.
T
he
 f
ou
r 
sc
en
ar
io
s 
ar
c 
ill
us
tr
at
iv
e 
of
 d
if
fe
re
nt
 c
om
bi
na
tio
ns
 o
f
ou
tc
on
re
su
lti
ng
 f
ro
m
 d
if
fe
re
nt
 a
ss
um
pt
io
ns
 a
bo
ut
 e
co
no
m
ic
 g
ro
w
th
 a
nd
in
tc
rc
pe
nd
en
ce
. M
ov
in
g 
fr
om
 o
ne
 s
et
 o
f 
co
nd
iti
on
s 
to
 a
no
th
er
 is
no
t s
im
pl
y'
m
at
te
r 
of
 c
on
sc
io
us
 c
ho
ic
e,
 b
ut
 d
ep
en
ds
 o
n 
ca
us
al
 f
ac
to
rs
 w
hi
ch
ca
n 
ge
n
at
e 
th
e 
al
te
rn
at
iv
e 
ou
tc
om
es
. T
he
 k
ey
 v
ar
ia
bl
e 
in
 th
e 
in
te
rd
ep
en
de
nt
ec
o
om
ic
 g
ro
w
th
 o
f 
th
e 
la
te
 l9
70
s 
ha
s 
be
en
 th
e 
re
cy
cl
in
g 
of
 O
PE
C
sa
vi
ng
s 
to
 tL
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 in
 th
e 
fo
rm
 o
f 
in
cr
ea
se
d 
in
ve
st
m
en
t l
ar
ge
ly
th
ro
u
im
po
rt
s 
of
 c
ap
ita
l g
oo
ds
 f
ro
m
 th
e 
U
ni
te
d 
St
at
es
an
d 
ot
he
r 
dc
ve
1o
p
co
un
tr
ie
s.
 T
he
 a
va
ila
bi
lit
y 
of
 in
ve
st
m
en
t f
in
an
ci
ng
 f
or
 th
e
de
ve
lo
pi
T
A
B
L
E
 2
O
PE
C
 E
xp
or
is
 a
nd
 O
E
C
D
 O
il 
im
po
rt
s
(m
ill
io
n 
b*
rr
cl
s 
pe
r 
da
y)
S
ou
rc
es
: &
im
,m
k 
O
ut
lo
ok
. O
E
C
D
 S
ec
re
ta
ria
l. 
P
ar
is
. D
ec
em
be
r 
19
79
, T
ab
le
 5
3.
 p
. 1
24
; a
nd
 W
or
E
co
no
m
ic
 O
ut
lo
ok
 (
W
aa
hm
gt
on
: i
nt
er
na
tio
na
l M
on
et
ar
y 
F
un
d.
 1
98
0)
 T
ab
le
 3
3.
 p
. 1
12
,
'U
nt
ie
d 
S
ta
te
s,
 ti
nn
ed
 K
in
gd
om
. W
es
t G
er
m
an
y.
 J
ap
an
, F
ra
nc
e,
 It
al
y 
an
d 
th
e 
N
et
he
rla
nd
s.
co
un
tr
ie
s 
de
pe
nd
ed
 o
n 
su
ff
ic
ie
nt
 g
ro
w
th
 in
 th
e 
O
E
C
D
 c
ou
nt
ri
es
 to
 s
us
ta
i
O
PE
C
 o
il 
ex
po
rt
s 
at
 a
 h
ig
h 
en
ou
gh
 le
ve
l t
o 
ge
ne
ra
te
a 
su
rp
lu
s 
ov
er
 O
PE
im
po
rt
s.
 I
n 
th
is
 s
en
se
, t
he
 in
el
as
tic
ity
 o
f 
de
m
an
d 
Fo
r 
oi
l g
en
er
at
ed
 f
or
ce
d
sa
vi
ng
s 
fr
om
 th
e 
O
E
C
D
 c
ou
nt
ri
es
 w
hi
ch
 a
cc
ru
ed
 to
 O
PE
C
 a
nd
w
er
e 
re
-
cy
cl
ed
 a
s 
in
ve
st
m
en
t i
n 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
. T
hi
s 
pa
tte
rn
 o
f 
gl
ob
al
 in
te
rd
e-
pe
nd
en
ce
 a
nd
 a
dj
us
tm
en
t w
or
ke
d 
w
el
l t
hr
ou
gh
ou
t t
he
 1
97
0s
, a
s 
ca
n 
be
se
en
in
 T
ab
le
s 
2,
 3
 a
nd
 4
.
T
he
 s
ev
en
 la
rg
e 
O
E
C
D
 c
ou
nt
ri
es
 a
cc
ou
nt
ed
 f
or
 n
ea
rl
y 
th
re
e
qu
ar
te
rs
 o
f
O
PE
C
 o
il 
ex
po
rt
s 
in
 th
e 
pe
ri
od
 1
97
7-
80
 (
se
e 
T
ab
le
 2
).
 T
he
 tr
ad
e 
de
fi
ci
t
in
fu
el
s 
fo
r 
th
e 
de
ve
lo
pe
d 
co
un
tr
ie
s 
w
as
 o
ff
se
t b
y 
th
ei
r 
tr
ad
e 
su
rp
lu
s 
in
m
an
u-
fa
ct
ur
es
 in
 th
e 
pe
ri
od
 1
97
3-
79
, w
hi
ch
 w
as
 a
bs
or
be
d 
in
 r
ou
gh
ly
 e
qu
al
pr
op
or
-
io
ns
 b
y 
th
e 
no
n-
oi
l a
nd
 th
e 
oi
l-
ex
po
rt
in
g 
de
ve
lo
pi
ng
 c
ou
nt
ri
es
 (
se
e 
T
ab
le
3)
. W
he
re
as
 th
e 
oi
l-
ex
po
rt
in
g 
de
ve
lo
pi
ng
 c
ou
nt
ri
e,
 f
in
an
ce
d 
th
ei
r 
de
fi
ci
t
in
m
an
uf
ac
tu
re
s 
th
ro
ug
h 
ex
po
rt
s,
 th
e 
no
n-
oi
l d
ev
el
op
in
g 
co
un
tr
ie
s 
fi
na
nc
ed
19
77
19
78
19
79
O
E
C
D
 (
7 
m
aj
or
s'
) 
ne
t
oi
l
itn
po
rla
21
.4
20
.3
20
.9
19
O
P
E
C
ne
t o
il 
ex
po
rt
s
29
.3
28
.0
28
.4
25
O
E
C
D
/O
PE
C
 (
%
)
73
.0
73
.2
73
.6
74
.
So
ur
ce
: I
nt
er
nu
iw
na
l T
ra
de
 1
97
9-
81
) 
(G
en
ev
a:
 G
A
T
E
 S
ec
re
ta
ri
at
. 4
98
0)
 p
. 8
.
re
su
lt 
is
 th
at
 th
e 
sl
ow
 g
ro
w
th
 o
f 
th
e 
W
es
t l
im
its
 b
ot
h 
th
e 
po
ss
ib
ili
tie
s 
fo
r
de
bt
-f
in
an
ce
d 
gr
ow
th
 o
f 
th
e 
de
ve
lo
pi
ng
 c
ou
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